Univ.  or 
Toronto 


M 


\  n:^  */   .-x 


•^i 


Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/transactionsmining37amer 


See  Biograpliical  Notice,  p.  349. 


N'  S  \  C  T  I  i 


Amerk'*^'  Institute  --^^^  "^^ 
E 


'.   '■  ^ 


'    X.X^i 


CoNTAININa    THE     PaPER 


UBLISHED 


TRANSACTIONS 


American  Institute  of  Mining 
Engineers. 


Vol.  XXXVIL 


Containing   the   Papers   and   Discussions   of   1906. 


NEW    YORK,    N.  Y.: 
PUBLISHED    BY    THE    INSTITUTE, 

AT   THE   OFFICE   OF  THE  SECEETARY. 

1907.  . 

^k^"/     1    1 


fAj 

PS 

y.37 


PREFACE. 


This  volume  contains  all  the  published  proceedings,  papers, 
and  discussions  of  1906,  with  the  following  exceptions : 

1.  Certain  discussions  received  early  in  1906,  but  included 
in  Volume  XXXVI.  of  the  Transactions,  since  they  refer  to 
papers  therein  contained. 

2.  Brief  obituary  notices  of  Members  and  Associates  reported 
as  deceased  durino;  1905.  * 

3.  Library  reports  and  other  announcements  of  general  but 
temporary  interest,  furnished  to  members  in  the  six  numbers 
of  the  BuVetia  for  the  year  1906. 

4.  Certain  valuable  papers  presented  in  joint  session  with 
the  Iron  and  Steel  Institute  at  the  London  Meeting,  July,  1906, 
and,  under  a  mutual  agreement  between  the  Councils  of  the 
two  Institutes,  available  for  publication  by  the  American  Insti- 
tute of  Mining  Engineers.  These  papers  have  been  published 
in  the  Balletin.  f 

5.  Addresses  of  welcome  by  R.  A.  Hadfield,  President,  and 
Sir  James  Kitson,  past-President,  of  the  Iron  and  Steel  Insti- 
tute, at  the  London  Meeting,  %  i^nd  reply  by  President  R.  W. 
Hunt.§ 

6.  Accounts  of  the  various  excursions  and  entertainments  in 
England,  Scotland,  Wales  and  Germany.** 

7.  List  of  Members  and  Associates  revised  to  Jan.  1,  1907. 
Published  in  separate  pamphlet  form  and  distributed  with  Bi- 
Monthly  Bulletin,  Xo.  13,  January,  1907. 

*  Bl-Monthly  Bulletin,  Xo.  9,  May,  1906,  pp.  359  to  378. 

t  The  Influence  of  Silicon  and  Graphite  on  the  Open-Hearth  Process,  by  Alex. 
S.  Thomas,  Bi-Montidy  Bulletin,  Xo.  12,  November,  190(3,  pp.  931  to  938^  The  Con- 
stitution of  Iron-Carbon  Alloys,  by  Albert  Sauveur,  Bi-Monthly  Bulletin,  Xo.  12, 
November,  1906,  pp.  939  to  966  ;  The  Kjellin  Electric  Steel  Furnace,  by  E.  C.  Ib- 
botson,  Bi-Monthly  Bulletin,  Xo.  12,  November,  1906,  pp.  967  to  970. 

X  Bi-2Ionthly  Bulletin,  Xo.  12,  Xovember,  1906,  pp.  816  to  824. 

§  Bi-Monthly  Bulletin,  Xo.  12,  Xovember,  1906,  pp.  824  to  825. 
**  Bi-Monthly  Bulletin,  Xo.  12,  Xovember,  1906,  pp.  860  to  907. 


IV  PREFACE. 

The  publications  thus  mentioned  above  amount  to  about 
400  pages  of  valuable  material  which  it  was  impracticable  to 
include  in  this  volume  of  the  Transactions  on  account  of  lack 
of  space. 

On  the  other  hand,  this  volume  includes  certain  discussions 
referring  to  papers  contained  in  it,  which  were  received  after 
Jan.  1,  1907,  yet  sufficiently  early  to  be  here  printed  instead 
of  being  held  over  for  Volume  XXXVIII. 

Joseph  Struthers, 
Assistant  Secretary  and  Editor. 
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POSTSCRIPT. 

The  list  of  officers  on  the  preceding  page  is  that  of  the  year 
1906,  which  is  the  period  covered  by  the  contents  of  this  vol- 
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volume,  is  here  published  for  the  convenience  of  members. 
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LXVn.  Bridgeport,  Conn October,  1894 xxiv. 

LXYin.  Floridaf March,  1895 xxv. 

LXIX.  Atlanta,  Ga October,  1895 xxv. 

LXX.  Pittsburg,  Pa.* February,  1S96 xxvi. 

LXXI.  Colorado September,  1896 xxvi. 

LXXII.  Chicago,  111 February,  1897 xxvii. 

LXXIII.  Lake  Superior July,  1897 xxvii. 

LXXIV.  Atlantic  City,  N.  J.* February,  1898 xxviii 

LXXV.  Buffalo,  N.  Y October,  1898 xxviii.  xxxvi. 

LXXYI.  New  York  City* February,  1899 xxix.         xvii. 

LXXVIL  California September,  1899 xxix 

LXXVIIL  Washington,  D.  C* February,  1900 xxx. 

LXXIX.  Canada August,  1900 xxx. 

LXXX.  Richmond,  Ya.* February,  1901 xxxi. 

LXXXI.   Mexico November,  1901. .xxxi.  and  xxxii.    cxviii, 

LXXXIL   Philadelphia,  Pa.  j May,  1902 xxxiii.,  xxi.  and  xxxv, 

LXXXIII.  New  Haven,  Conn October,  1902 xxxiii.      xlvii, 

LXXXIY.  Albany,  N.  Y.* February,  1903 xxxiv 

LXXXV.  New  York,  N.  Y October,  1903 xxxiv 

LXXXYI.   Atlantic  City,  N.  J.* February,  1904 xxxv. 

LXXXYII.  Lake  Superior September,  1904 xxxv. 

LXXXVIIL  Washington,  D.  C May,  1905 xxxvi. 

LXXXIX.  British  Columbia July,  1905 xxxvi. 

XC.  Bethlehem,  Pa February,  1906 xxxvii. 

XCI.   London,  England July,  1900 xxxvii. 
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Ixiii. 

Ixx. 

Ixxvii. 

xvii. 

xxiv. 

xxviii. 

xix. 

xxiv. 

xxxi. 

xvii. 

xxiv. 

xxx. 

vii. 

xxv. 

xvi. 

Ixi. 

xix. 

xxxiii. 

xliv. 

Hi. 

xiii. 

xvii. 

xxxv. 

xix. 

xxxiii. 

xvii. 

xxix. 

xvii. 

xxx. 

xvii. 


xlix. 
xix. 
xiv. 
xix. 


XXlll. 

Ixi. 
xxiii. 
xlii. 
xlii. 
liii. 
xli. 
xMii. 


*  Annual  meeting  for  the  election  of  oflBcers. 

t  Begun  in  February  at  New  York  City,  for  the  election  of  oflacers,  and  adjourned  to  Florida. 

X      "        "         "         "         "        "  "     "        "         "        "  "  "  to  Philadelphia. 
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The  publications  of  the  Institute  comprise : 

Transactions. 

The  volumes  of  Transactions,  which  are  published  annually,  con- 
tain the  list  of  officers,  rules,  etc.,  the  Proceedings,  and  the  pai3ers 
revised  for  final  publication.  (In  this  revision,  after  the  prelimi- 
nary publication,  authors  are  permitted  to  use  the  largest  liberty  ; 
and  the  changes  and  additions  made  in  papers  are  sometimes  im- 
portant. It  should  be  borne  in  mind  by  those  who  study  or  quote 
a  paper  in  the  preliminary  edition,  that  they  may  not  have  in  that 
form  the  ultimate  and  deliberate  expression  of  the  author's  views. 
It  should  be  added,  however,  that  in  the  majority  of  cases  there  are 
no  important  changes.)  These  volumes  are  for  sale  as  follows,  in 
paper  covers : 

Vols.  I.  to  IV.,  inclusive,  each, $3.00 

Vols.  V.  to  VIII.,  inclusive,  each, 4.00 

Vols.  IX.  and  X.  (a  small  supply  only  on  hand),  each,        .      10.00 

Vols.  XI.  to  XXIX.,  inclusive,  each, 5.00 

Vols.  XXX.  and  XXXI.,  each, 6.00 

Vol.  XXXII.,. 5.00 

Vols.  XXXIII.  to  XXXVII.,  inclusive,  each,        .        .         .       6.00 

Half-morocco  binding,  §1  extra  per  volume. 
Complete  set  of  Transactions,  Vols.  I.  to  XXXVII.,  inclusive, 

half-morocco  binding  (freight  prepaid),  .         .         .    226.00 

Indexes  and  Special  Editions. 

Index,  Vols.  XVI.  to  XX.,  inclusive,  paper, ....      $1.00 
Index,  Vols.  XXI.  to  XXV.,  inclusive,  cloth,        .         .        .        1.25 
Index,  Vols.  XXVI.  to  XXX.,  inclusive,  cloth,  $1.50,  ^  mor.,       2.50 
Index,  Vols.  I.  to  XXXV.,  inclusive,  cloth,  65.00,  4  mor.,         .        6.00 
"  The  Genesis  of  Ore-Deposits,^^  comprising  the  famous  treat- 
ise of  the  late  Professor  Franz  Posepny,  with  the  suc- 
cessive discussions  thereof  by  Le  Conte,  Blake,Winchell, 
Church,  Emmons,  Becker, Cazin,  Rickard  and  Raymond 
(all  of  which  were  published  in  Volumes  XXIII.  and 
XXIV.  of  the  Transactions  of  the  Institute,  and  subse- 
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quently  in  the  special  "  Posepny  Volume,"  issued  by  the 
Institute) ;  also,  later  papers  by  Van  Hise,  Emmons, 
Weed,  Lindgren,  Vogt,Kemp,  Blake,  Riekard  and  others, 
and  the  discussions  of  these  papers  by  De  Launay,  Beck, 
and  many  others  (some  of  these  were  included  in  Vol- 
ume XXX.  and  the   remainder  appeared  in  Volume 
XXXI.) ;  also  a  complete  bibliography  of  the  Institute 
papers  and  discussions  on  this  subject  from  1871  to  the 
present  time. 

The  original  Posepny  volume  comprised  265  pages, 
and  was  sold  for  $2.50,  at  which  price  the  edition  was 
long  since  exhausted.    The  present  volume  is  an  octavo 
of  825  pages,  bound  in  "  book-linen,"      ....      $6.00 

Half-morocco  bound  copies,  .......        7.00 

"  The  Evolution  of  Mine- Surveying  Instruments.^^  This  is  a 
volume  of  about  400  pages,  issued  in  the  same  style 
as  the  foregoing,  and  containing  the  original  paper  of 
Mr.  Dunbar  D.  Scott  on  that  subject  (Transactions, 
XXVIII.),  first  published  in  1898,  together  with  later 
papers,  continuing  the  same  subject,  and  discussions 
thereof,  b}'  Hoskold,  Lyman,  Davis  and  many  others,  .        3.50 

Half-morocco  binding, 4.50 

Glossary  of  Mining  and  Metallurgical  Terms  (1881),  cloth,        .        0.50 
Spanish- American  Mining  and  Metallurgical  Glossary,  bound 

in  leather,  pocket-size,  96  pages, 0.75 

Special  Mining  and  Railway  Map  of  Mexico,  size  14  by  20,  pre- 
pared by  order  of  Dept.  of  Fomento,  1901,    .         .         .        0.35 

List  of  Members,  Rules,  etc.,  paper, 0.50 

Bi-Monthly  Bulletin,  paper  (each), 2.00 

Pamphlets. 

1.  The  Minutes  of  the  Proceedings  of  each  Meeting. 

2.  Such  of  the  papers  presented  or  read  by  title  at  each  Meeting 
as  are  furnished  by  the  authors  and  approved  by  the  Council  for 
full  publication.  (In  nearly  all  cases  in  which  papers,  the  titles  of 
which  appear  in  the  Proceedings,  are  not  subsequently  published, 
they  have  been  withdrawn  by  the  authors.)  These  papers  are  pub- 
lished separately  in  pamphlet  form,  and  are  marked  "  subject  to 
revision."  Beyond  the  edition  distributed,  without  charge,  to  mem- 
bers and  associates  not  in  arrears,  a  small  supply  is  retained  to 
meet  subsequent  demand.  There  are  no  copies  on  hand  of  papers 
read  before  1880.  The  stock  is  nearly  complete  from  1880.  These 
papers  are  for  sale  at  the  office  of  the  Secretary,  or  are  sent  to  pur- 
chasers, charges  paid,  on  receipt  of  the  price,  as  follows : 
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No.  OF  Pages. 

Single  Copies. 

10  Copies. 

20  Copies. 

24  pp.  or  less 

$0.25 
0.30 
0.40 
0.45 
0.50 
0.55 

$2.00 
2.50 
3.25 
3.50 
3.75 
4.00 

$3.50 

25  to   48 

4.50 

49  to    80 

5.25 

81  to   96 

6.00 

97  to  128 

6.25 

129  to  150 

6.50 

Papers  with  folders  and  inserted  plates  subject  to  special  price. 

Authors'  Edition  of  Pamphlets. 
Extra  copies,  if  ordered  before  the  printing  of  the  pamphlet  edi- 
tion for  the  Bi-Monthly  Bulletin,  will  be  furnished  to  the  members  of 
the  Institute  at  special  rates,  Avhich  will  be  stated  on  application  to 
the  Assistant  Secretary,  Joseph  Struthers,  29  West  39th  Street,  New 
York,  N.  Y. 
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CONSTITUTION. 

[Adopted  Feb.  21,  1905.] 

ARTICLE  I. 

Name  and  Object. 

Sec.  1.  This  Institute  is  incorporated  under  the  Membership  Corporation  Law 
of  the  State  of  New  York  ;  its  corporate  name  is  American  Institute  of  Mining 
Engineers  ;  and  its  objects  are  such  as  are  stated  in  its  Certificate  of  Incorpora- 
tion. 

ARTICLE  II.      . 

Members. 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely : 
(1)  Members;  (2)  Honorary  Members  ;  (3)  Associates  ;  and  (4)  Honorary  Asso- 
ciates. Only  Members  and  Associates  residing  within  the  United  States  of 
America,  Republic  of  Mexico  and  Dominion  of  Canada  shall  be  entitled  to  vote 
at  the  meetings  of  the  Institute. 

Sec.  2.  All  Members,  Honorary  Members,  Associates  and  Honorary  Asso- 
ciates of  the  American  Institute  of  Mining  Engineers  as  the  same  existed  on  the 
day  of  the  incorporation  of  this  Institute,  are  Members,  Honorary  Members,  As- 
sociates and  Honorary  Associates,  respectively,  of  this  Corporation. 

Sec.  3.  The  following  classes  of  persons  shall  be  eligible  for  membership  in 
the  Institute,  namely  :  as  Members  and  Honorary  Members,  all  professional  min- 
ing engineers,  geologists,  metallurgists  or  chemists,  and  all  persons  practically 
engaged  in  mining,  metallurgy  or  metallurgical  engineering  ;  as  Associates  and 
Honorary  Associates,  all  persons  desirous  of  being  connected  with  the  Institute 
who,  in  the  opinion  of  the  Council,  are  suitable. 

Sec.  4.  Every  candidate  for  election  as  a  Member  or  Associate  of  the  Institute 
must  be  proposed  for  election  by  at  least  three  Members  or  Associates  ;  must  be 
approved  by  the  Committee  on  Membership,  as  prescribed  in  the  By-Laws  ;  and 
must  be  elected  by  the  Council.  Not  less  than  three-fourths  of  the  votes  cast 
shall  be  necessary  to  an  election.  Every  person  so  elected  shall  become  a  Mem- 
ber or  Associate,  as  the  case  may  be,  upon  payment  of  his  first  dues  as  herein- 
after prescribed.  Each  candidate  for  Honorary  Member  or  Honorary  Associate, 
must  be  recommended  by  at  least  ten  Members  or  Associates  ;  must  be  approved 
bv  the  Council ;  and  must  be  elected  by  ballot  at  a  meeting  of  the  Board  of  Direc- 
tors by  the  unanimous  vote  of  all  the  Directors  present ;  provided,  however,  that 
the  number  of  Honorary  Members  and  Honorary  Associates  shall  not  at  any  time 
exceed  twenty. 

Sec.  5.  If  any  person  elected  a  Member  or  Associate  does  not,  within  sixty 
days  after  notice  of  his  election,  accept  the  same  and  pay  his  initiation  fee  and 
dues  for  the  current  year,  his  election  may  be  cancelled  at  the  discretion  of  the 
Council. 


CONSTITUTION    AND    BY-LAWS.  XVll 

Sec.  6.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  an  Associate  so  as  to  make  him  a  Member,  or  vice  versa.  All  Members 
and  Associates  shall  be  equally  entitled  to  the  privileges  of  membership,  provided 
that  Honorary  Members,  Honorary  Associates,  and  Members  and  Associates  whose 
Post-Office  addresses  shall  be  outside  of  the  United  States,  Mexico  and  Canada, 
shall  not  be  entitled  to  vote. 

ARTICLE  III. 

Dues. 

Sec.  1.  The  dues  of  Members  and  Associates  shall  be  Ten  Dollars  per  annum, 
payable  in  advance  on  the  first  day  of  each  Calendar  year.  Each  newly  elected 
Member  or  Associate  shall  pay,  when  notified  of  election,  an  initiation  fee  of  Ten 
Dollars  in  addition  to  the  dues  for  the  current  year.  Honorary  Members  and 
Honorary  Associates  shall  not  be  liable  to  initiation  fee  or  dues.  Any  Member  or 
Associate  in  arrears  for  one  year  may,  at  the  discretion  of  the  Council,  be  de« 
prived  of  the  receipt  of  publications  or  stricken  from  the  list  of  Members,  pro- 
vided that  he  may  be  restored  to  membership  by  the  Council  on  payment  of  all 
arrears  or  may  be  again  proposed  and  elected  after  an  interval  of  three  years. 

Sec.  2.  Any  Member  or  Associate  not  in  arrears  may  become,  by  the  payment 
of  One  Hundred  and  Fifty  Dollars  at  one  time,  a  Life  Member  or  Associate  ;  and 
shall  not  be  liable  thereafter  to  annual  dues. 


ARTICLE  IV. 

Business  Meetings  of  the  Institute. 

Sec.  1.  The  annual  meeting  of  the  Institute  for  the  election  of  Directors  and 
transaction  of  other  business  shall  take  place  on  the  third  Tuesday  in  February  in 
each  year.  A  report  of  the  financial  condition  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Directors,  and  presented  at  each  annual 
meeting. 

Sec.  2.  Special  business  meetings  of  the  Institute  may  be  held  at  such  times 
and  places  as  the  Board  of  Directors  may  appoint,  upon  notice  to  all  Members  and 
Associates  entitled  to  vote,  directed  to  each  at  his  last  known  Post-Office  address, 
and  mailed  in  the  City  of  New  York  not  less  than  twenty  days  before  the  date 
fixed  for  such  meeting. 

Sec.  3.  At  all  business  meetings  of  the  Institute  the  presence  of  nine  Members 
and  Associates  shall  constitute  a  quorum. 

Sec.  4.  At  all  business  meetings  of  the  Institute  Members  and  Associates  may 
vote  either  in  person  or  by  proxy,  but  no  Member  or  Associate  in  arrears  since 
the  last  annual  meeting  shall  be  entitled  to  vote. 


ARTICLE  V. 

Other  Meetings  of.  the  Institute. 

Sec.  1.  All  meetings  of  the  Institute  other  than  business  meetings  shall  be  held 
at  such  times  and  places  as  the  Council  may  appoint.  Notice  of  all  such  meet- 
ings shall  be  given  to  all  Members  and  Associates  by  mail. 

B 
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ARTICLE  VI. 

Directors  and  Officers. 

Sec.  1.  The  business  and  financial  affairs  of  tlie  Institute  shall  be  managed  by 
a  Board  of  Directors,  who  shall  be  elected  at  the  annual  meeting  in  the  manner 
prescribed  in  the  Certificate  of  Incorporation. 

Sec.  2.  The  ofiicers  of  the  corporation  shall  be  a  President,  Vice-President, 
Secretary  and  Treasurer,  who  shall  be  elected  by  the  Directors  from  among  their 
number.  All  such  ofiicers  shall  be  elected  at  the  first  meeting  of  the  Board  of 
Directors  after  each  annual  meeting  of  the  corporation,  and  shall  hold  office  for 
one  year  or  until  their  successors  are  elected  and  qualify. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  ofiices,  re- 
spectively, together  with  such  other  duties  as  may  from  time  to  time  be  prescribed 
for  them  by  the  By-Laws.  The  Treasurer  shall  give  a  bond  for  the  faithful  per- 
formance of  his  duties  in  a  sum  to  be  fixed  by  the  Board  of  Directors,  but  at  the 
expense  of  the  Institute. 

Sec.  3.  In  the  event  of  a  vacancy  occurring  in  the  Board  of  Directors  by  death, 
resignation  or  otherwise,  the  remaining  members  of  the  Board  may,  by  a  majority 
vote,  elect  a  successor  to  fill  the  vacancy,  who  shall  continue  in  office  until  the 
next  annual  meeting  or  until  his  successor  shall  have  been  chosen. 

Sec.  4.  The  Board  of  Directors  may,  in  its  discretion,  declare  the  place  of  any 
Director  vacant,  on  his  failure  for  any  reason,  to  attend  three  successive  meetings 
of  the  Board.  Any  Director  who  shall  under  this  section  or  in  any  other  manner 
cease  to  be  a  member  of  the  Board  shall,  at  the  same  time,  be  held  to  have  vacated 
any  other  office  to  which  he  shall  previously  have  been  elected  ;  and  the  Board 
shall  elect  a  new  incumbent  to  the  said  vacant  office. 

Sec.  5.  The  Board  of  Directors  may  from  time  to  time  appoint  from  their  own 
number  standing  and  special  commitiees,  and  may  delegate  to  such  committees 
such  duties  as  they  may  see  fit. 

ARTICLE  VII. 

Meetings  of  the  Board  of  Directors. 

Sec.  1.  A  regular  meeting  of  the  Board  of  Directors  for  the  election  of  offi- 
cers and  the  transaction  of  other  business  shall  be  held  on  the  third  Tuesday 
in  February  in  each  year,  after  the  adjournment  of  the  annual  meeting  of  the 
Institute. 

Sec.  2.  Special  meetings  of  the  Board  of  Directors,  at  which  any  business  may 
be  transacted,  may  be  called  to  meet  at  any  time  at  the  office  of  the  Institute  in 
the  City  of  New  York,  by  notice  in  writing  mailed  at  least  five  days  before  the 
meeting,  by  the  Secretary  to  each  member  of  the  Board  at  his  last  known  Post- 
Office  address,  signed  either  by  the  President  or  the  Vice-President  or  by  three 
members  of  the  Board. 

Sec.  3.  At  all  meetings  of  tlie  Board  of  Directors  the  presence  of  five  mem- 
bers shall  constitute  a  quorum. 

ARTICLE  VIII. 

The  Council. 

Sec.  1.  The  professional,  technical,  scientific  and  social  interests  of  the  Insti- 
tute shall  be  committed  to  the  supervision  of  a  Council  composed  of  a  President 
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of  the  Council,  six  Vice-Presidents  of  the  Council,  a  Secretary  of  the  Council 
and  nine  Councilors,  who  shall  be  elected  from  among  the  Members  and  Asso- 
ciates of  the  Institute  in  the  manner  hereinafter  prescribed.  Members  of  the 
Council  mav  or  may  not  be  members  of  the  Board  of  Directors. 

Sec.  2.  The  President  of  the  Council  shall  be  elected  for  one  year,  and  no  per- 
son shall  be  eligible  for  immediate  re-election  to  this  office  who  shall  have  held 
the  same  for  two  consecutive  years. 

After  the  first  year  Vice-Presidents  of  the  Council  shall  be  elected  to  serve  for 
two  years,  and  Councilors  shall  be  elected  to  serve  for  three  years.  Ko  Vice- 
President  of  the  Council  or  Councilor  shall  be  eligible  for  immediate  re-election 
to  the  same  office  at  the  expiration  of  the  term  for  which  he  was  elected.  The 
Secretary  of  the  Council  shall  be  elected  annually. 

Sec.  3.  At  the  first  annual  meeting, to  be  held  in  the  year  1905,  there  shall  be 
elected  a  President  of  the  Council  to  serve  for  one  year,  a  Secretary  of  the  Coun- 
cil to  serve  for  one  year,  three  Vice-Presidents  of  the  Council  to  serve  for  one 
year,  three  Vice-Presidents  of  the  Council  to  serve  for  two  years,  three  Councilors 
to  serve  for  one  year,  three  Councilors  to  serve  for  two  years,  and  three  Councilors 
to  serve  for  three  years.  At  each  subsequent  annual  meeting  there  shall  be 
elected  a  President  of  the  Council  to  serve  for  one  year  ;  a  Secretary  of  the  Coun- 
cil to  serve  for  one  year ;  three  Vice-Presidents  of  the  Council  to  serve  for  two 
years  ;  and  three  Councilors  to  serve  for  three  years.  The  term  of  office  of  all 
Members  of  the  Council  shall  continue  until  the  adjournment  of  the  meeting  at 
which  their  successors  are  elected. 

Sec.  4.  Vacancies  in  the  Council  may  occur  by  death  or  resignation  ;  or  the 
Council  may,  by  the  vote  of  a  majority  of  all  its  members,  declare  the  place  of 
any  officer  or  member  of  the  Council  vacant,  on  his  failure  for  one  year,  from  in- 
ability or  otherwise,  to  attend  the  regular  meetings  or  perform  the  duties  of  his 
office.  All  vacancies  shall  be  filled  by  the  appointment  of  the  Council,  and  any 
person  so  appointed  shall  hold  office  for  the  remainder  Af  the  term  for  which  his 
predecessor  was  elected  or  appointed  ;  provided  that  the  said  appointment  shall 
not  render  such  person  ineligible  for  election  to  the  Council  at  the  next  meeting. 

Sec.  5.  The  jiresence  of  five  members  of  the  Council  shall  constitute  a  quorum ; 
but  the  Council  may  appoint  an  Executive  Committee,  or  any  business  coming 
within  the  authority  of  the  Council  may  be  transacted  at  a  regularly-called  meet- 
ing thereof,  at  which  less  than  a  quorum  may  be  present,  subject  to  the  ai)proval 
of  a  majority  of  the  Council  subsequently  given  in  writing  to  the  Secretary  and 
recorded  by  him  with  the  minutes. 

Sec.  6.  The  election  of  the  Council  shall  take  place  at  the  regular  annual  meet- 
ing of  the  Institute.  Nominations  for  members  of  the  Council  may  be  sent  in 
writing  to  the  Secretary  accompanied  with  the  names  of  the  proposers  at  any 
time  not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary 
shall,  not  less  than  two  weeks  before  said  meeting,  mail  to  every  Member  or  As- 
sociate entitled  to  vote  a  list  of  9II  nominations  for  each  office  so  received,  to- 
gether with  the  names  of  the  persons  ineligible  for  election  to  each  office ;  and 
if  the  Council  or  a  Committee  thereof,  appointed  for  the  purpose,  shall  have  rec- 
ommended any  nomination,  such  recommendation  may  also  be  sent  to  the  Mem- 
be  rj  and  Associates  with  the  list  of  all  nominations  made. 
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ARTICLE  IX. 

Meetings  of  the  Council. 

Sec.  1.  Meetings  of  the  Council  shall  be  held  at  such  times  and  places  as  the 
President  of  the  Council  or  one  of  the  Vice-Presidents  of  the  Council  may  appoint. 

Sec.  2.  A  meeting  of  the  Council  may  be  held  on  the  day  of  the  annual  meet- 
ing of  the  Institute  without  previous  notice.  Written  notice  of  all  other  meetings 
of  the  Council,  specifying  the  time  and  place  of  such  meeting,  signed  by  the  Sec- 
retary, shall  be  mailed  to  every  member  of  the  Council  at  his  last  known  Post- 
OfEce  address  at  least  ten  days  before  the  date  of  the  meeting. 

ARTICLE  X. 

Papers  and  Publications. 

Sec.  1.  The  Council  shall  have  power  to  decide  as  to  the  acceptance  and  publi- 
cation of  any  professional  papers  presented  to  the  Institute,  subject  to  such  con- 
ditions as  the  Board  of  Directors  may  prescribe. 

Sec.  2.  The  copyright  of  all  professional  papers  communicated  to  and  accepted 
by  the  Institute  shall  be  vested  in  it,  unless  otherwise  expressly  agreed  between 
the  Council  and  the  author.  The  Institute  shall  not  assume  responsibility  for 
any  statements  of  fact  or  opinion  advanced  in  the  papers  or  discussions  at  its 
meetings,  xs  either  the  Council  nor  the  Institute  shall  oiBcially  approve  or  dis- 
approve any  technical  or  scientific  opinion  or  any  proposed  enterprise,  outside  of 
the  management  of  the  meetings,  discussions  and  publications  of  the  Institute, 
and  the  conduct  of  its  business  affairs  by  the  Board  of  Directors. 

Sec.  3.  Special  Committees  may  from  time  to  time  be  appointed  by  the  Coun- 
cil to  make  investigations  and  prepare  reports  for  presentation  to  the  Institute, 
but  no  action  shall  be  taken  binding  the  Institute  for  or  against  the  conclusions 
embodied  in  any  such  reports. 

ARTICLE  XL 

Suspensions  and  Expulsions. 

Sec.  1.  Any  member  of  the  Institute  who  shall  be  convicted  of  a  crime  involv- 
ing, in  the  opinion  of.  the  Board  of  Directors,  moral  turpitude,  shall,  upon  the 
passage  by  the  Board  of  Directors  of  a  resolulion  declaring  the  crime  for  which 
he  has  been  convicted  to  be  of  such  character,  be  thereupon  dropped  from  mem- 
bership in  this  Institute. 

Sec.  2.  Any  member  of  the  Institute  may  be  suspended  or  expelled  for  mis- 
conduct by  the  Board  of  Directors,  after  charges  setting  forth  such  misconduct 
shall  have  been  prepared  by  the  Council  and  filed  in  writing  with  the  Board. 
Upon  the  receipt  of  such  charges  in  writing,  the  Board  may,  in  its  discretion,  sus- 
pend such  member  pending  a  hearing  and  determination  thereupon.  As  soon  as 
may  be  after  the  receipt  of  sucli  charges,  the  Board  shall  fix  a  date  for  a  hearing 
thereupon  and  shall  give  to  the  accused  member  notice  thereof  in  writing,  mailed 
to  him  at  his  last  known  Post-OfEce  address  not  less  than  thirty  days  before  said 
date,  accompanied  by  a  full  copy  of  the  charges  and  a  copy  of  the  second,  third 
and  fourth  sections  of  this  article. 

Sec.  3.  Upon  the  day  fixed  for  the  hearing,  the  accused  member  may  appear 
before  the  Board,  either  in  person  or  by  an  accredited  representative  ;  hear  any 
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witnesses  who  may  be  called  in  support  of  the  charges  and  at  his  option  cross- 
examine  the  same  ;  and  hear  read  any  documentary  evidence  offered  in  support 
of  the  charges.  The  accused  may,  in  his  discretion,  produce  and  examine  wit- 
nesses in  his  defence,  and  submit  documentary  evidence,  including  a  statement 
from  himself  in  writing.  After  the  conclusion  of  the  hearing,  the  Board  of  Direc- 
tors shall  consider  and  vote  to  approve  or  disapprove  the  charges.  If  the  Board 
shall,  by  a  vote  of  two-thirds  of  its  members,  declare  the  charges  sustained,  it  may 
suspend  the  member  for  a  stated  period  or  expel  him. 

Sec.  4.  If  the  accused  member  shall  not  appear  at  the  hearing,  and  shall  within 
three  months  thereafter  file  with  the  Board  an  afB davit  stating  that  be  had  not 
received  notice  of  the  charges  against  him  in  time  to  enable  him  to  present  his 
defence,  the  Board  shall  fix  a  date  for  a  re-hearing  within  three  months  from  the 
receipt  of  such  affidavit  and  shall  immediately  notify  the  accused  member  by  mail 
of  such  date.  Upon  the  re-hearing,  the  accused  shall  have  the  same  privilege  of 
presenting  his  defence  as  he  would  have  had  upon  the  original  hearing  ;  and  after 
the  defence  is  presented,  the  Board  shall  take  a  new  vote  upon  the  charges,  the 
result  of  which  shall  be  conclusive. 

Sec.  5.  All  interests  in  the  property  of  the  Institute  of  persons  resigning,  or 
otherwise  ceasing  to  be  Members  or  Associates,  shall  vest  in  the  Institute. 

ARTICLE  XII. 

Amendments. 

Sec.  1 .  This  Constitution  or  any  Article  or  Section  thereof  may  be  amended  at 
any  annual  meeting  by  a  two-thirds  vote  of  all  the  members  present  in  person  or 
by  proxy,  proi^ided  that  notice  of  the  proposed  amendment  shall  have  been  given 
in  writing  at  a  previous  meeting,  and  provided  also  that  the  amendment  or  amend- 
ments so  adopted  shall  have  been  printed  and  mailed  to  all  Members  and  Asso- 
ciates not  later  than  thirty  days  before  the  annual  meeting.  Any  amendment  or 
amendments  approved  by  a  majority  of  the  votes  cast  shall  be  deemed  to  have 
been  adopted,  and  shall  become  a  part  of  this  Constitution.  The  Secretary  shall 
forthwith  print  and  distribute  to  Members  and  Associates  an  announcement  of  the 
result  of  said  vote,  and  if  any  amendment  or  amendments  shall  have  been  adopted, 
a  cojjy  of  the  section  or  sections  so  amended. 


BY-LAWS. 

[Adopted  Feb,  21,  1905.     Amended  Feb.  20,  1906,  and  Nov.  16,  1906,] 

I.  Presiding  Officers. 

At  all  Business  meetings  of  the  Institute  the  President,  or,  in  his  absence,  the 
Vice-President,  or,  in  the  absence  of  both  of  them,  any  other  member  of  the 
Board  of  Directors  to  be  chosen  by  the  meeting,  shall  preside. 

At  all  other  meetings  of  the  Institute  the  President  of  the  Council  or,  in  his 
absence,  one  of  the  Vice-Presidents,  if  present,  shall  preside. 

II.  Order  of  Business. 

At  each  Business  meeting  of  the  Institute  the  order  of  business  shall  be  as  fol- 
lows : 

1.  Reading  of  minutes  of  preceding  meeting. 

2.  Report  of  the  President. 

3.  Report  of  the  Treasurer. 

4.  Report  of  the  Secretary. 

5.  Election  of  Directors, 

6.  Election  of  Members  of  the  Council. 

7.  Reports  of  Standing  Committees, 

8.  Reports  of  Special  Committees. 

9.  Special  Orders. 

10.  Miscellaneous  business. 

This  order  of  business  may  be  changed  by  a  vote  of  a  majority  of  the  Members 
and  Associates  present  in  person  or  by  proxy. 

The  usual  parliamentary  rules  shall  govern  all  meetings  of  the  Institute  except 
in  cases  otherwise  provided  by  the  Constitution  or  the  By-Laws. 

At  all  sessions  of  the  Institute  other  than  business  meetings,  the  order  of  pro- 
ceedings and  the  time  of  adjournment  shall  rest  in  the  discretion  of  the  presid- 
ing ofBcer. 

III.  Secretary. 

The  Secretary  shall  keep  a  record  of  the  proceedings  of  all  meetings  of  the  In- 
stitute. He  shall  be  custodian  of  the  Corporate  Seal,  of  the  Minute  Books,  and 
of  all  Legal  Documents  belonging  to  the  Institute.  He  shall  conduct,  on  behalf 
of  the  Institute,  all  correspondence  relating  to  business  matters,  except  such  as 
pertains  directly  to  the  office  of  the  Treasurer. 

He  shall  notify  all  officers  and  Directors  and  Members  of  the  Council,  and  all 
Members  of  Committees  of  their  election  and  appointment  ;  shall  issue  notices  of 
all  meetings  of  the  Board,  and  of  the  annual  and  other  meetings  of  the  Institute  ; 
and  shall,  in  calling  special  meetings  of  the  Directors,  specify  the  object  of  such 
meeting. 

IV.  Secretary  of  the  Council. 

The  Secretary  of  the  Council  shall  act  as  the  Clerk  of  that  body  at  all  of  its 
meetings  and  at  all  meetings  of  the  Institute  called  for  the  discussion  of  profes- 
sional, technical  or  scientific  matters,  or  for  any  other  purpose  than  the  transac- 
tion of  business. 

He  shall  be  custodian  of  all  technical  or  scientific  papers  submitted  to  the  In- 

(  xxii  ) 
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Btitute  for  its  consideration,  shall  have  charge  of  the  editing  and  printing  of  all 
material  published  by  the  Institute,  and  of  the  distribution  thereof.  On  the  first 
day  of  May  following  the  year  in  which  each  volume  of  Transactions  is  printed, 
he  shall  Hirn  over  to  the  Library  Committee  all  copies  of  the  same  not  thereto- 
fore distributed  by  him.  He  shall  have  charge  of  all  the  correspondence  of  the 
Institute  relating  to  other  than  business  affairs. 

The  Secretary  of  the  Council  shall  receive  a  salary  to  be  fixed  by  the  Board  of 
Directors.  He  may  appoint  an  Assistant  with  the  title  of  Editor,  who  shall 
likewise  receive  a  salary  to  be  fixed  by  the  Board  of  Directors. 

The  Secretary  of  the  Council  may  or  may  not  be  the  sam^  person  as  the  Secre- 
tary of  the  Institute. 

V.  Assistant  Secretary. 

The  Secretary  may,  with  the  approval  of  the  Board  of  Directors,  appoint  an 
Assistant  to  whom  both  he  and  the  Secretary  of  the  Council  may  delegate  such 
of  his  or  their  duties  as  he  or  they  may  see  fit.  This  Assistant  Secretary  shall 
receive  such  salary  as  shall  be  fixed  by  the  Board  of  Directors,  which  shall  cover 
his  services  both  to  the  Secretary  and  to  the  Secretary  of  the  Council. 

VI.  Treasurer, 

The  Treasurer  shall  collect  and,  under  the  direction  of  the  Board  of  Directors, 
shall  disburse  all  funds  of  the  Institute.  He  shall  keep  regular  accounts  in 
books  belonging  to  the  Institute,  which  shall  be  open  to  any  member  of  the  Board 
of  Directors.  He  shall  report  in  writing  at  each  annual  meeting  of  the  Insti- 
tute and  at  every  meeting  of  the  Board  of  Directors  at  which  such  report  shall 
be  called  for,  the  balance  of  money  on  hand,  and  any  existing  appropriation 
which  may  affect  the  same. 

His  accounts  shall  be  audited  annually  by  a  Committee  of  three  Members  or 
Associates  to  be  appointed  by  the  President  at  least  thirty  days  prior  to  the  annual 
meeting  in  each  year,  which  Committee  shall  report  thereon  at  such  annual 
meeting. 

The  Treasurer  may,  at  his  discretion,  place  funds  of  the  Institute,  not  at  any 
time  exceeding  $5,000,  in  a  special  account  in  a  Bank  or  Trust  Company,  subject 
to  the  draft  of  the  Assistant  Treasurer,  and  may  delegate  to  the  Assistant  Treas- 
urer the  duty  of  paying,  out  of  this  account,  the  current  expenses  of  the  Insti- 
tute. 

The  Treasurer  shall  be  solely  responsible  to  the  Institute  for  all  moneys  re- 
ceived, whether  the  same  are  entrusted  to  the  Assistant  Treasurer  or  not. 

VII.  Assistant  Treasurer. 

The  Treasurer  may  appoint,  with  the  approval  of  the  Board  of  Directors,  an 
Assistant  Treasurer,  to  whom  he  may  delegate  the  duty  of  conducting  the  corre- 
spondence incidental  to  the  office  of  Treasurer,  of  receiving  and  depositing  in 
bank  to  the  credit  of  the  Institute  all  moneys  received,  and  of  paying,  out  of 
the  special  account  upon  which  he  may  be  authorized  to  draw,  the  necessary  ex- 
penses of  the  Institute.  The  Treasurer  may  require  of  him  a  bond,  running  to 
the  Treasurer  personally,  in  an  amount  not  exceeding  $5,0C0,  the  expense  of 
which  shall  be  borne  by  the  Institute. 

The  Assistant  Treasurer  shall  receive  such  compensation  as  shall  be  fixed  by 
the  Board  of  Directors. 

The  offices  of  the  Assistant  Secretary  and  of  the  Assistant  Treasurer  may,  if 
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so  desired  by  both  the  Secretary  and  the  Treasurer  and  approved  by  the  Board 
of  Directors,  be  united  in  the  same  person,  who  shall  then  receive  the  salary  of 
both  offices. 

The  Assistant  Treasurer  may,  with  the  approval  of  the  Board  of  Directors, 
employ  such  persons  as  are  necessary  to  constitute  a  clerical  and  office  force  for 
himself,  the  Assistant  Secretary  and  the  Secretary  of  the  Council,  at  such  sala- 
ries as  shall  be  approved  by  the  Board  of  Directors.  He  shall,  if  the  offices  of 
Assistant  Secretary  and  Assistant  Treasurer  be  united  in  the  same  person,  be  the 
immediate  superior  of  all  such  employees,  unless  the  Secretary  of  the  Council  or 
the  Treasurer  be  present,  in  which  event  either  of  them  shall  be  the  superior  of 
all  employees,  including  their  respective  assistants. 

VIII.  Standing  Committees. 

The  Standing  Committees  of  the  Institute  shall  be  three  in  number,  known  re- 
spectively as  the  Finance  Committee,  the  Library  Committee  and  the  Com- 
mittee ON  Membership. 

The  Finance  Committee  and  the  Library  Committee  shall  each  consist  of 
three  members  of  the  Board  of  Directors,  and  shall  be  appointed  by  the  President 
at  the  first  meeting  of  the  Board,  after  the  annual  meeting  in  each  year. 

The  Committee  on  Membership  shall  consist  of  five  Members  of  the  Council, 
and  shall  be  appointed  by  the  President  of  the  Council,  at  the  first  meeting  of  the 
Council  after  the  first  annual  meeting  in  each  year, 

IX.  Finance  Committee. 

It  shall  be  the  duty  of  the  Finance  Committee  to  inquire  into  and  examine 
the  financial  condition  of  the  Institute,  and  to  consider  ways  and  means  of  in- 
creasing its  revenues  and  of  limiting  its  expenses.  It  shall  report  from  time  to 
time  to  the  Board  as  often  as  it  may  deem  expedient,  and  whenever  it  shall  be 
directed  so  to  do  ;  and  the  Treasurer  shall  at  all  times  furnish  it  with  such  state- 
ments and  information  as  it  may  desire. 

It  shall  determine  the  investment  of  such  surplus  moneys  as  shall  from  time  to 
time  accrue  to  tlie  Institute.  It  shall,  at  least  once  in  each  year,  examine  the 
securities  belonging  to  the  Institute  in  the  custody  of  the  Treasurer,  and  report 
thereon  to  the  Board. 

It  may,  at  any  time,  examine  the  books  and  vouchers  of  the  Treasurer  and  As- 
sistant Treasurer. 

The  Treasurer  shall  not  be  a  member  of  the  Finance  Committee,  but  shall 
attend  the  meetings  of  the  same  if  requested  to  do  so. 

X.  Library  Committee. 

The  Library  Committee  shall  be  the  custodian  of  all  books  in  the  Institute 
Library  and  of  additions  thereto  ;  also  of  all  back  numbers  of  the  Transactions  of 
the  Institute.  It  shall,  on  the  first  day  of  IMay,  of  each  year,  receive  from  the 
Secretary  of  the  Council,  and  receipt  for  same  to  him,  all  the  volumes  of  Trans- 
actions for  the  preceding  year,  not  then  distributed  by  said  Secretary. 

It  shall  cause  to  be  kept,  under  the  direction  of  the  Assistant  Secretary,  a  cata- 
logue of  all  books  in  the  Library  and  an  account  in  ledger  form  of  all  volumes 
of  Transactions  in  its  custody,  in  which  shall  be  charged  to  it  all  volumes  deliv- 
ered to  it,  and  in  which  shall  be  credited  all  volumes  taken  from  its  custody  for 
sale  or  for  any  other  purpose. 
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The  receipts  from  the  sale  of  any  volume  of  Transactions  taken  from  the  custody 
oi  the  Library  Committee  shall  be  credited  to  the  Library  Committee  on  the 
books  of  the  Treasurer,  and  devoted  to  the  general  purposes  of  the  Institute. 

XI.  Committee  on  Membership. 

All  nominations  for  Members  or  Associates  of  the  Institute  shall  be  submitted 
to  and  passed  upon  by  the  Committee  on  Membership,  who  shall  report  thereon 
to  the  Council.  It  shall  receive  and  consider  all  communications  respecting  can- 
didates, and  shall  make  diligent  inquiry  as  to  the  character  and  qualifications  of 
each  one.     Its  proceedings  shall  be  secret  and  confidential. 

No  member  of  the  Committee  shall  propose  any  candidate. 

XII.  Election  of  Members. 

After  the  Committee  on  Membership  shall  have  reported  to  the  Council  its 
conclusions  as  to  the  acceptability  of  each  candidate,  the  Council  shall  vote  upon 
the  same. 

Two  negative  votes  of  members  of  the  Council  present  shall  prevent  the  elec- 
tion of  any  candidate.  No  person  shall  be  proposed  for  election  to  the  Institute 
within  one  year  after  his  name  shall  have  been  rejected  by  the  Council. 

XIII.  United  Engineering  Society. 

The  Board  of  Directors  shall,  at  its  first  meeting  after  the  adoption  of  these 
By-Laws,  designate  three  Members  or  Associates  of  this  Institute  to  be  represent- 
atives of  this  Institute  upon  the  Board  of  Trustees  of  the  United  Engineering 
Society,  making  at  the  same  time  provision  for  the  expiration  of  the  terras  of 
office  of  said  representatives,  as  provided  in  the  By-Laws  of  the  said  United 
Engineering  Society. 

At  the  last  meeting  of  the  Board  of  Directors  prior  to  the  first  day  of  each 
January  thereafter,  the  Board  shall  designate  a  Member  or  Associate  of  this  In- 
stitute to  be  a  representative  of  this  Institute  upon  the  Board  of  Trustees  of  the 
said  United  Engineering  Society  for  a  period  of  three  years  beginning  at  the 
next  ensuing  annual  meeting  of  said  Society. 

At  any  time  when  a  vacancy  shall  occur  in  the  representation  of  this  Institute 
in  the  Board  of  Trustees  of  said  Society,  by  reason  of  the  death,  resignation  or 
removal  of  any  such  representative  therein,  the  Board  of  Directors  of  this  Insti- 
tute shall  designate  a  Member  or  Associate  to  fill  such  unexpired  term. 

XIV,  Publications. 

The  publications  of  the  Institute  shall  include  a  periodical,  called  the  Bi- 
Monthly  Bulletin  of  the  American  Institute  of  Mining  Engineers,  which  shall  con- 
tain reports  of  proceedings,  professional  papers,  notices,  and  other  matter  of  in- 
terest to  members.  From  the  annual  dues  paid  by  each  Member  or  Associate,  five 
dollars  shall  be  deducted  and  applied  as  a  subscription  to  the  Bi-Monthly  Bulletin 
for  the  year  covered  by  such  payment. 

XV.  Amendments. 

These  By-Laws  may  at  any  time  be  altered  or  amended  by  a  vote  of  two- 
thirds  of  the  Board  of  Directors,  or  by  the  Members,  at  a  business  meeting  of 
the  Institute,  in  the  same  manner  provided  for  amendments  of  the  Constitution 
in  Article  XII.  thereof. 
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ANNUAL  MEETING. 

The  election  of  officers  by  vote  of  the  members  and  asso- 
ciates in  person  or  by  proxy  at  the  Annual  Meeting,  Feb.  20, 
1906,  resulted  as  follows : 

COUNCIL. 
President  of  the  Council. 

Egbert  W.  Hunt, Chicago,  111. 

(Term  expires  February,  1907.) 

Vice-Presidents  of  the  Council. 

Henry  M.  Howe, New  York,  N.  Y. 

J.  B.  Grant, Denver,  Colo. 

James  D.  Hague, New  York,  N.  Y. 

(Term  expires  February,  1908.) 

Councilors. 

Theodore  Dwight New  York,  N.  Y. 

Walter  Wood, Philadelphia,  Pa. 

Wm.  Fleet  Kobertson, Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

Secretary  of  the  Council. 

E.  W.  Eaymond, New  York,  N.  Y. 

(Term  expires  February,  1907.) 

Assistant  Secretary  and  Editor  (by  appointment). 
Joseph  Struthers, New  York,  N.  Y. 

DIEECTOES  OF  THE  COEPOEATION. 

Theodore  Dwight,  Charles  H.  Snow,  E.  W.  Eaymond. 

(Term  expires  February,  1909.) 
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ACTS  OF  THE  BOARD  OF  DIRECTORS. 

November  3,  1905,  Messrs.  Henri  Le  Chatelier,  of  Paris, 
France,  and  Andrew  Carnegie,  of  New  York,  N.  Y.,  having 
been  nominated  by  a  large  number  of  members,  and  recom- 
mended by  unanimous  vote  of  the  Council,  were  unanimously 
elected  Honorary  Members,  in  recognition  of  their  distin- 
guished services  to  the  arts  and  professions  represented  by  the 
Institute. 

February  7,  1906,  Dr.  James  Douglas,  of  New  York,  N.  Y., 
having  been  nominated  by  a  large  number  of  leading  members, 
and  recommended  by  unanimous  vote  of  the  Council,  was 
unanimously  elected  an  Honorary  Member,  in  recognition  of 
his  distinguished  services  to  the  practice  and  the  literature  of 
mining  and  metallurgy,  his  zealous  and  loyal  devotion  to  this 
Institute,  his  fraternal  generosity  towards  professional  col- 
leagues, and  his  effective  advocacy,  by  public  utterance  and 
private  example,  of  the  free  communication  of  technical  knowl- 
edge and  experience. 

At  the  same  meeting,  the  resignation  of  Mr.  Theodore 
Dwight,  as  Assistant  Secretary  and  Assistant  Treasurer  of  the 
Institute,  offered  on  account  of  the  conflicting  demands  of  pri- 
vate business,  was  accepted,  and  the  Secretary  was  instructed 
to  express  to  Mr.  Dwight  the  thanks  of  the  Board  for  his  loyal 
and  efficient  services,  and  its  regret  that  he  could  not  continue 
in  that  position. 

At  the  same  meeting,  the  Secretary  and  the  Treasurer  re- 
ported respectively  their  appointment  of  Mr.  Henry  W.  B. 
Howard  as  Assistant  Secretary  and  Assistant  Treasurer,  to  fill 
the  vacancies  created  by  the  resignation  of  those  offices  by  Mr. 
Dwight;  and  the  said  appointments  were  confirmed. 

February  20,  1906,  after  the  adjournment  of  the  Annual 
Meeting  of  the  Institute,  the  Board  of  Directors  elected  the 
following  officers  for  the  ensuing  year :  President,  James  Gay- 
ley;  Vice-Pre sklent,  J nmQ^  Douglas;  Secretary ^'R.  W.Raymond; 
Treasurer,  Frank  Lyman. 
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Financial  Statement. 

The  following  statement  of  receipts  and  expenditures  from 
Jan.  9  to  Dec.  31,  1905,  duly  audited  by  Barrow,  Wade,  Guth- 
rie &  Co.,  certified  public  accountants,  is  published  by  authority 
of  the  Board  of  Directors : 


Receipts. 

January,  1905, 


Balance  from  statement  o 
Annual  dues,    . 
Life  memberships,    . 
Initiation  fees, . 
Binding  of  Tramactions, 
Sale  of  publications. 
Electrotypes,    . 
Miscellaneous  receipts, 
Interest  on  bonds  and  deposits. 


DiSBUESEMENTS. 
Printing  Vol.  XXXV.  of  the  Transactions, 
PrintingjBi-J/orj/A/i/jBul^e^t/i  and  pamphlet  editionof  papers, 
Printing  circulars  and  ballots. 
Printing  special  editions. 

Printing  new  edition  "Genesis  of  Ore-Deposit 
Binding  Vol.  XXXV.  of  the  Transactions, 
Binding  miscellaneous  volumes, 
Binding  of  exchanges,     .... 

Engraving  and  electrotyping,  . 
Secretary's  department,  including  editorial  work. 
Postage,  including  post-office  box  rental. 
Stationery,        ...... 

Rent,        ....... 

Express  and  freight  charges,    . 

Treasurer's  department,  including  collection  of 

ping,  etc., 

Telephone,       ...... 

Telegrams,  cables  and  carfare. 

Storage  of  Transactions,     .... 

Office  supplies  and  repairs. 

Librarian  and  assistant,     .... 

Refunding  payments,        .... 

Insurance  premiums,  fire  and  surety. 
Collection  charges,  ..... 

Extra  clerical  help,  ..... 

Special  stenographers  and  expenses  of  meetin 
Auditing,  ...... 

Office  cleaning  and  sundrs'  expenses. 


),401.58 


dues, 


gs, 


ship 


$29,109.48 
2,592.49 
3,200.28 
2,823.65 
2,960.60 
72.50 
633.90 
1,192.88 


$4,129.64 

6,468.35 

349.80 

32.25 

60.00 

2,863.36 

355.18 

262.90 

731.. 31 

9,510.00 

1,755.68 

675.82 

2,750.00 

2,557.69 

7,291.34 

280.60 

128.11 

180.38 

172.93 

1,360.00 

39.99 

277.74 

35.19 

60.00 

1,096.64 

125.00 

103.89 


42,585.78 
$51,987.36 


$43,653.79 
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Carried  over,     . 

$43,653.79 

Incorporation  expenses,   . 

1,071.75 

Office  equipments,    . 

143.65 

Library  additions,    . 

299.21 

Balance, 

6,818.96 

$51,987.36 
Note. — It  should  be  borne  in  mind  that  by  reason  of  the  fact  that  the  in- 
corporation of  the  Institute  was  completed  Jan.  9,  1905,  and  the  final  financial 
statement  of  the  former  Council  was  brought  to  that  date,  the  present  statement 
begins  with  .January  9,  instead  of  January  1,  as  future  annual  statements  will  do. 
It  omits,  therefore,  the  receipts  and  expenditures  for  the  first  nine  days  of  1905, 
during  which  period  86,841.62  was  received  (almost  all  for  dues  of  1905),  and 
only  $100  was  expended  (for  weekly  salaries).  In  other  words,  §6,741.62,  excess 
of  receipts  over  expenditures,  belonging  strictly  to  1905,  is  included  in  the 
"Balance  from  Last  Account,"  at  the  head  of  this  statement.  The  receipts  for 
the  whole  year  were,  therefore,  §49,427.40,  and  the  expenditures  $45,278.40, 
showing  a  surplus  of  54,149.00. 

This  statement  does  not  include  a  payment  made  on  account  of  the  Institute  to 
"United  Engineering  Society,"  in  connection  with  the  Carnegie  Engineering 
Building — the  amount  of  which  was  supplied  from  a  special  fund,  raised  by  vol- 
untary subscription.  The  full  account  of  this  fund  will  be  separately  published, 
at  the  proper  time,  by  the  Committee  having  it  in  charge. 
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REPORT  OF  THE  COUNCIL  FOR  THE  YEAR  1905. 

Meetings. 

Two  meetings  for  the  reading  of  papers,  etc.,  were  lield 
during  the  year,  namely,  the  Eighty-Eighth,*  held  May  2  to 
5,  at  Washington,  D.  C,  and  the  Eighty-ISTinth,  held  July  1 
to  5,  at  Victoria,  B.  C.  The  proceedings  of  these  meetings, 
including  the  record  of  committees  and  the  presentation  of  pro- 
fessional papers  and  a  description  of  the  entertainments  and 
excursions  connected  with  these  meetings,  are  to  be  published 
in  the  Transactions,  Vol.  XXXVI.  These  meetings  were  highly 
successful,  both  professionally,  on  account  of  the  large  number 
of  valuable  papers  presented,  and  socially,  through  the  various 
delightful  excursions  and  entertainments  provided  for  the  visit- 
ing members  and  guests. 

Bi-MoNTHLY  Bulletin. 

The  technical  papers  which,  prior  to  1905,  had  been  distrib- 
uted as  separate  pamphlets,  were  issued  during  this  year  in  the 
form  of  a  bi-monthly  bulletin,  under  the  management  of  Dr. 
Joseph  Struthers,  Assistant  Secretary  and  Editor.  In  order 
that  the  individual  technical  papers  may  be  filed  or  otherwise 
used  separately,  each  one  has  been  paged  and  wired  by  itself, 
the  w^hole  collection  being  held  together  by  a  single  wire  staple, 
upon  the  removal  of  which  it  will  fall  apart  into  individual 
pamphlets,  substantially  like  those  formerly  issued.  In  addi- 
tion to  the  technical  papers,  the  Bulletin  contains  announce- 
ments of  general  interest  to  the  members  of  the  Institute, 
such  as  lists  of  accessions  to  the  library,  election  of  new  mem- 
bers, etc. 

*  Prior  to  the  incorporation  of  the  Institute,  tlie  Annual  Meeting  was  simply 
one  of  the  regular  meetings,  and  was  mainly  occupied,  like  the  rest,  with  the 
reading  and  discussion  of  papers.  At  present,  the  Annual  Meeting  is  devoted  to 
business  only.  Consequently,  it  will  not  be  hereafter  numbered  serially  in  the  list 
of  nieetinsrs. 
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The  six  numbers  of  the  BaUetin  issued  during  1905  com- 
prised 1,413  pages  of  technical  papers  and  discussions,  and 
115  pages  of  special  announcements,  a  total  of  1,528  pages; 
thus  furnishing  to  the  members  more  than  500  pages  of  read- 
ing-matter beyond  that  included  in  Volume  XXXVI.  of  the 
Transactions. 

Membership. 

Changes  in  membership  have  taken  place  during  the  year  as 
follows : — 1  honorary  member  (not  previously  on  the  regular 
list  of  members),  322  members  and  19  associates  have  been 
elected ;  1  member  has  been  elected  an  honorary  member,  and 
4  associates  have  become  members;  the  deaths  of  1  honorary 
member,  34  members  and  5  associates  have  been  reported;  46 
members  and  5  associates  have  resigned,  and  48  members  and 
1  associate  have  been  dropped  from  the  roll  by  reason  of  non- 
payment of  dues,  loss  of  correct  address,  etc.*  These  changes 
are  shown  in  the  accompanying  table. 

The  total  membership  on  Jan.  1,  1906,  was  3,884,  as  com- 
pared with  3,680  on  Jan.  1,  1905 — a  net  gain  for  the  year  of 
204  members. 

Membership  of  the  American  Institute  of  Mining  Engineers, 
Jan.  1,  1906. 


Membership  Dec.  31,  1904 

Gains:   By  Election 

Change  of  Status. 

Reinstatement 

Ee-election 

Losses  :  By  Resignation 

Dropping 

Change  of  Status.. 

Death 

Total  gains 

Total  losses 

Membership  Dec.  31,  1905 


Honorary 
Members. 


Members. 


3,483 

322 

4 

1 

1 

46 

48 

1 

34 

328 

129 

3,682 


Associate 
Members. 


190 
19 


5 

1 

4 

5 

19 

15 

194 


Totals. 


3,680 

342 

5 

1 

1 

51 

49 

5 

40 

349 

14-5 

3,884 


*  Many  of  these,  no  doubt,  will  be  reinstated,  as  has  been  the  case  in  former 
years. 
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The  list  of  deaths  reported  during  the  year  comprises  the 
following  names,  the  iigures  in  parentheses  indicating  the  yeai 
in  which  the  persons  named  were  elected  members  of  the 
Institute : 

Honorary  3Iemher. — Dr.  Bruno  Kerl. 

Members  and  Associates. — Charles  Christy  Adams  (1903), 
John  Wesley  Anderson  (1898),  William  Burton  Barber  (1901), 
Thomas  A.  Bennet  (1900),  John  W.  Best  (1899),  Luke  W. 
Bryan  (1901),  Edward  Cooper  (1874),  W.  E.  C.  Coxe  (1874), 
Edwin  S.  Daugherty  (1905),  Isidore  Davidov  (1900),  William 
Scott  de  Camp  (1875),  George  H.  Eldridge  (1889),  B.  ^Y. 
Frazier  (1871),  F.  G.  Fricke  (1879),  John  Broome  Guinn,  Jr. 
(1897),  Dana  C.  Irish  (1900),  Harry  Hugh  Lee  (1899),  Wil- 
liam Alfred  Lindsay  (1902),  Robert  C.  Luther  (1884),  James 
MacNaughton  (1893),  Gordon  McLean  (1899),  Herbert  Holmes 
McNamara  (1902),  August  R.  Meyer  (1886),  William  J. 
Parker,  Jr.  (1898),  Joseph  Phillips,  Jr.  (1895),  Charles  0. 
Ripley  (1902),  Emmerich  J.  Schmitz  (1883),  Ludwig  Philip 
Seeger  (1900),  Jacob  Johnston  Sperry  (1900),  Charles  B. 
Squier  (1886),  Gustavus  H.  Stoiber  (1902),  WilHam  L.  Study 
(1905),  Robert  Macnair  Wilson  Swan  (1900),  Richard  Henry 
Terhune  (1886),  Joseph  Thiry  (1892),  John  K  Tisdale  (1903), 
Alfred  Isham  Totten  (1897),  Walter  H.  Virgoe  (1902),  Charles 
H.  Wellman  (1890). 

[Secretary's  Note, — Biographical  Notices  of  Bruno  Kerl 
and  Benjamin  West  Frazier  were  published  in  Vol.  XXXVI. 
of  the  TVansactions.  A  Biographical  Notice  of  Edward  Cooper 
is  given  elsewhere  in  this  volume.  Concerning  the  remaining 
names  in  the  above  list,  such  data  as  the  Secretary  was  able  to 
obtain  appeared  in  Bi-Montlily  Bulletin, '^o.  9,  May,  1906,  under 
the  title,  "Biographical  Notices  of  1905."— R.  W.  R.] 
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MEMBERSHIP. 

The  following  list  comprises  the  names  of  those  persons 
elected  as  Members,  who  duly  accepted  election  during  the 
year  1906.  The  following  marks  are  used  to  designate  the 
diflerent  classes  of  membership :  Heavy-faced  type,  Honorary 
Member;  **,  Life  Member;  *,  Member;  ff.  Life  Associate 
Member;   f?  Associate  Member. 

^Arthur  K.  Adams, Spencer,  Mass. 

**John  C.  Adams, Butte,  Mont. 

*Kalph  E.  Adams, Kellogg,  Idaho. 

*William  Adams, Chihuahua,  Mex. 

*\Villiam  Affleck, Ellsworth,  Pa. 

*Frederick  E.  Allen, Concepcion  del  Oro,  Zacatecas,  Mex. 

*Ulysses  S.  S.  Arentz, Salt  Lake  City,  Utah. 

*Austin  J.  R.  Atkin, Johannesburg,  Transvaal,  So.  Africa. 

*Robert  C.  Atkinson, Johannesburg,  Transvaal,  So.  Africa. 

*W.  J.  Atkinson, Winnipeg,  Can. 

*Percy  A.  Babb, Mexico  City,  Mex. 

*George  A.  Baird, Chicago,  111. 

*William  S.  Baldwin, Villa  Grove,  Colo. 

*.John  H.  Bartlett, New  Market,  Tenn. 

*John  E.  Bartlett, Butte,  Mont. 

*Owen  S.  Batchelor, Kamloops,  B.  C,  Can. 

*Clarence  A.  Beall, Idaho  Springs,  Colo. 

*.James  T.  Beard, Scranton,  Pa. 

*John  H.  Bennetts, Gympie,  Queensland,  Australia. 

*Ilichard  G.  Bevington, .Johannesburg,  Transvaal,  So.  Africa. 

^Stephen  Birch, Xew  York,  N.  Y. 

*Henry  D.  Boddington, El  Paso,  Tex. 

*Frank  K.  Boggs, Temosachic,  Chihuahua,  Mex. 

*Louis  W.  Bond, Goldfield,  Xev. 

*Henry  Bossuet, El  Oro,  Mexico,  Mex. 

*Pierre  Bouery, "Weaverville,  Cal. 

■^Alexander  J.  Bourdariat, Paris,  France. 

■^Charles  H.  Bowman, Butte,  Mont. 

*Horace  Boyd, Hokendauqua,  Pa. 

*01iver  U.  Bradley, Hornitos,  Cal. 

*Xorman  B.  Braly, Butte,  Mont. 

*George  Bright, Pottsville,  Pa. 

**Bobert  S.  Brooks, Ocampo,  Chihuahua,  Mex, 

*Edward  \V.  Brown, Xew  York,  X.  Y. 

*George  P.  Brown, San  Diego,  Cal. 

*Harvey  S.  Brown, De  Lamar,  Idaho. 

C 
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*Joseplius  J.  Brown,  Jr., Granby,  Mo. 

^Charles  A.  Buck, South  Bethlehem,  Pa. 

*Peter  A.  Busch, Ehyolite,  ^'ev. 

*  John  S.  Butler, Guanajuato,  Guanajuato,  Mex. 

*Eminett  A.  Byler, Goldfield,  Nev. 

*John  Cadman, Port  of  Spain,  Trinidad,  W.  I. 

*MiUon  A.  Caine, Isabella,  Tenn. 

**John  M.  Callow, Salt  Lake  City,  Utah. 

*J.  Edouard  Capdeville, Paris,  France. 

*Albert  E.  Carlton, Cripple  Creek,  Colo. 

*Ellard  W.  Carson, Cambria,  Cal. 

*Albert  H.  Case, Ophir,  Utah. 

*Thomas  S.  Chalmers, Chicago,  111. 

*Clarence  C.  Chase, Temosachic,  Chihuahua,  Mex. 

*Frank  O.  Clements, Dayton,  O. 

*James  C.  Climo, Mackay,  Idaho. 

*Kobert  W.  Coats, Sharpsville,  Pa. 

*Frank  F.  Colcord, Maurer,  N.  J. 

*Edward  B.  Cook, Pottstown,  Pa. 

*James  Cook, Goldfield,  Nev. 

**Hugh  L.  Cooper, New  York,  X.  Y. 

*Eeginald  W.  G.  Corfield, Swansea,  England. 

*Kobert  E.  Cormack, Eossland,  B.  C,  Can. 

*Paul  S.  Couldrey, Eossland,  B.  C. ,  Can. 

*Frederick  Cowans, Ocampo,  Chihuahua,  Mex. 

*Edward  O.  Cross, Fostoria,  Ohio. 

*Milton  T.  Culbert, Cobalt,  Ont.,  Can. 

*John  M.  Currie, Day  Dawn,  Western  Australia. 

*0.  Eobert  Dahl, Seattle,  Wash. 

*Henry  G.  Dalton,      Cleveland,  O. 

*George  G.  Damon, lohi,  Kan. 

*William  A.  T.  Davies, Bulong,  Western  Australia. 

*Daniel  Davis,      Alburtis,  Pa. 

*Thomas  B.  Davis,  Jr., New  York,  N.  Y. 

fCharles  F.  De  Armond, Jualin,  Alaska. 

*Arthur  J.  Debenham, Beaconsfield,  Tasmania. 

*George  H.  Deike, Mosgrove,  Pa. 

*Harry  S.  Derby, Chicago,  111. 

*William  G.  Devereux, Glenwood  Springs,  Colo. 

*Alfred  J.  Diescher, Pittsburg,  Pa. 

*William  P.  J.  Dinsmoor, Denver,  Colo. 

*Leon  Dominian, Bonanza,  Zacatecas,  Mex. 

*W.  H.  Donner, Pittsburg,  Pa. 

*Eoss  E.  Douglass,      Bulawayo,  Ehodesia,  So.  Africa. 

*Walford  E.  Dowling, Germiston,  Transvaal,  So.  Africa, 

*Carl  H.  Draper, Etzatlan,  Jalisco,  Mex. 

*Charles  V.  Drew, New  York,  N.  Y. 

*Will  W.  Duffield,      New  York,  N.  Y. 

*Damon  D.  Dunken, Joplin,  Mo. 

*Drew  H.  Dunn, Pasadena,  Cal. 

*William  E.  Dunn, Easton,  Pa. 
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*Harrv  D.  Easton, Hartshorne,  Iiid, 

*Albert  L.  Eaton, Chihuahua,  Mex. 

*Horace  W.  Edmondson, Chihuahua,  Mex. 

**Victor  E.  Edwards, Worcester,  Mass. 

*MarkEhle,  Jr., Eapid  City,  S.  D. 

*George  E.  Elder, Easton,  Pa. 

*Albert  vS.  Ellam, London,  England. 

fEobert  P.  Elliott, Oaxaca,  Oaxaca,  Mex. 

*Stuart  E.  Elliott, Xegaunee,  Mich. 

tWilliam  H.  Falding, Eossland,  B.  C,  Can. 

^Benjamin  L.  Farrar, Chihuahua,  Mex. 

*Sydne7  Fawns, London,  England. 

*Donald  Ferguson,      Goldfield,  Xev. 

**Henry  G.  Ferguson, Ishpeming,  Mich. 

*John  J.  C.  Fernau, Nelson,  B.  C,  Can. 

*Morrison  Fetzer, Chihuahua,  Mex. 

*William  X.  Fink, Niblack,  Alaska. 

*Francis  S.  Foote,  Jr., Montclair,  N.  J. 

*Herbert  W.  Fox, Colorado  Springs,  Colo. 

*Eudolf  Franke, Eisleben,  Germany. 

*Alexander  J.  Eraser, Ehyolite,  Xev. 

*Colin  Eraser, Wellington,  New  Zealand. 

*Lester  D.  Frink, Butte,  Mont. 

*Artliur  W.  Geiger, Ketchikan  P.  O. ,  Alaska. 

*Jerome  E.  George, Worcester,  Mass. 

■^Walter  G.  Gleeson, Granite,  Oregon. 

*Edgar  M.  Gleim, Portland,  Ore. 

*Eobert  H.  Goodwin, Seaford,  Sussex,  England. 

*Stanley  N.  Graham, Guanajuato,  Mex. 

*J.  Sharshall  Grasty,      Staunton,  Va. 

*Louis  C.  Graton, Washington,  D.  C. 

*Fitz  Eoy  N.  Griffin, Chicago,  111. 

*C.  Godfrey  Gunther, Brooklyn,  X.  Y. 

fEdward  A.  Guntly, Cripple  Creek,  Colo. 

Robert  A.  Hadfleid, •    ...  Sheffield,  England. 

*William  Hague, New  York,  X.  Y. 

*Frank  E.  Hall, Telluride,  Colo. 

*Alexander  Hamilton, Goldfield,  Xev. 

*Edward  L.  Hammond, Asientos,  Aguascalientes,  Mex. 

*Henry  H.  S.  Handy, Syracuse,  N.  Y. 

*Xils  Y.  Hansell, New  York,  N.  Y. 

*Leonard  Harrison, Wellsboro,  Pa. 

*PhUip  E.  Hart, Nelson,  B.  C,  Can. 

*James  C.  Hartness, Tombstone,  Ariz. 

*Elmer  C.  Heck,      Lathrop,  Mo. 

*Edwin  T.  Henderson, Broken  Hill,  X.  S.  W.,  Australia. 

*Hyman  Herman, Mt.  Bischoff,  Tasmania. 

*Earl  E.  Hewitt, Dunglen,  Ohio. 

*Ernest  Hibbert, Akmolinsk,  Siberia. 

*John  L  Hoffmann, Johannesburg,  Transvaal,  So.  Africa. 

*William  Howard,      El  Ore,  Mexico,  Mex. 
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*Harry  J.  Hubbard, Ocampo,  Chihuahua,  Mex. 

*John  P.  Hutchins, New  York,  N.  Y. 

*Charles  A.  Hyder, Moctezuma,  Sonora,  Mex. 

**Stephen  A.  lonides, Hove,  Sussex,  England. 

*Thomas  A.  Irvin, Denver,  Colo. 

*George  D.  James, Keno,  Nev. 

*Albert  B.  Jessup, Wilkes-Barre,  Pa. 

*David  John, Haileybuiy,  Ontario,  Can. 

*Paul  Johnson, Hadley,  Ketchikan  P.   O.,  Alaska. 

*William  Jones,      Watford,  Herts,  England. 

*George  L.  Kaeding,      Goldfield,  Nev. 

*Daniel  B.  Kane, Cerro  de  Pasco,  Peru,  So.  America. 

*Yoichi  Katsura,     .    ■. Tokio,  Japan. 

^Frederic  Keffer, Greenwood,  B.  C,  Can. 

**Frank  A.  Keith, Tonopah,  Nev. 

*Henry  S.  Kenney, Johannesburg,  Transvaal,  So,  Africa. 

*01iver  King, Johannesburg,  Transvaal,  So.  Africa. 

*Tom  Cobb  King, New  York,  N.  Y. 

*A.  J.  Klamt, Tonopah,  Nev. 

*Jintaro  Kojima, Shimotsuke,  Japan. 

*KobertB.  Lamb, Hedley,  B.  C,  Can. 

*William  F.  Lamoreaux, Isabella,  Tenn. 

*Thomas  Lancaster, New  York,  N.  Y. 

*Albert  G.  Langley, Victoria,  B.  C,  Can. 

fEnrique  E.  Laroza, Brussels,  Belgium. 

*Wallace  Lee,      Ures,  Sonora,  Mex. 

*Frank  M.  Leland,      Mackay,  Idaho. 

*  James  B.  Lewis, Lottah,  Tasmania. 

*Thomas  L.  Livermore,  Jr., San  Fernando,  Durango,  Mex. 

*John  K.  Lucas, Philipsburg,  Mont. 

*Percy  K.  Lucke, London,  England. 

*Charles  J.  Lyser, San  Francisco,  Cal. 

*Welbert  G.  McBride, Bisbee,  Ariz. 

*Walter  E.  McCourt, Ithaca,  N.  Y. 

*Wallace  D.  McDougall, London,  England. 

*William  L.  ^McLaughlin, Deadwood,  So.  Dak. 

*Arthur  C.  Macdonald, Antofagasta,  Chile,  S.  A. 

*Henry  S.  Mackay, Santa  Ana,  Sonora,  Mex. 

*Edmund  von  Maltitz, South  Chicago,  111. 

*Frank  A.  Marriott, Orange,  N.  S.  W.,  Australia. 

*.Iames  J.  Martin, Barranqnilla,  Colombia,  So.  America. 

*C.  G.  Memminger, Lakeland,  Fla. 

*W^llace  W.  Merriam, Estacion  Terrazas,  Chihuahua,  Mex. 

*William  G.  Metzger, Fairmont,  W.  Va. 

*John  B.  Miles, Philadelphia,  Pa. 

*Charles  N.  Milne, Algoma,  Ontario,  Can. 

*Charles  T.  Mitchell, Grand  Forks,  B.  C,  Can. 

*Henry  H.  Mitchell, South  Bethlehem,  Pa. 

*William  E.  C.  Mitchell, Johannesburg,  Transvaal,  So.  Africa. 

**Warden  A.  MoUer, Tientsin,  China. 

*Eedick  R.  Moore, Oaxaca,  Oaxaca,  Mex. 
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*Donald  E.  Morgan, Monterey,  N.  L.,  Mex. 

*Paiil  B.  Morgan, Worcester,  Mass. 

*George  B.  Morris, Concord,  X.  C. 

*Harr7  T.  Morris, Bethlehem,  Pa. 

*Bradish  P.  Morse, Denver,  Colo. 

*Brvan  K.  Moree, Cananea,  Sonora,  Mex. 

*Erle  D.  Morton, Ely,  Xev. 

*.John  A.  W.  Murdoch, Cerro  de  Pasco,  Peru,  So.  America. 

*Francis  J.  Murphy, La  Cienequita,  Sonora,  Mex. 

*Winthrop  C.  Xeilson, Rome,  Ga. 

*.John  L.  Nelson, Prescott,  Ariz. 

*Bruno  Newman, Asientos,  Aguascalientes,  Mex. 

*Paul  Nicholas, Springfield,  Mo. 

*Burton  B.  Nieding, Niblack,  Alaska. 

*Frederick  W.  Nobs,      Minillas,  Zacatecas,  Mex. 

*Edwin  G.  N:  North, Akmolinsk,  Siberia. 

^Joseph  F.  O'Byrne, Dahlonega,  Ga. 

*William  A.  Paine, Boston,  Mass. 

*C}Til  E.  Parsons, Lomagundi,  Ehodesia,  So.  Africa. 

*Peter  C.  Patterson, Pittsburg,  Pa. 

*Frank  Peterson, New  York,  N.  Y. 

tNewton  W.  Pilger, Ruby,  Mont. 

*.John  E.  Pill, Carbon  Hill,  Ala. 

*Ernest  Y.  Pomeroy, Kofa,  Ariz. 

fCharles  F.  Potter, Denver,  Colo. 

*Russell  Prentice, San  Francisco,  Cal. 

*Harry  B.  Price, Mexico  City,  Mex. 

*Harrie  B.  Pulsifer, Lebanon,  N.  H. 

*Dana  G.  Putnam,      La  L'nion,  Salvador,  Central  America. 

f  Frederick  B.  Reece, Kellogg,  Idaho. 

^.Joseph  W.  Reid, Yellville,  Ark. 

*Herman  Reischke, Reveille,  Nev. 

*Lucien  S.  Robe, Fairbanks,  Alaska. 

*George  H.  Robinson,  .Jr.,  Minas  Pena  del  Hierro,  Provincia  de  Huelva,  Spain. 

*Charles  G.  Roebling, Trenton,  N.  J. 

*Ferdinand  "W.  Roebling,  .Jr., Trenton,  N.  , J. 

*Diedrich  P.  Eohlfing, Salt  Lake  City,  Utah. 

*Lewis  P.  Ross, .Johnson  City,  Tenn. 

*Milton  L.  Rubel, Mascota,  Jalisco,  Mex. 

*J.  Arthur  Rule, Torreon,  Coahuila,  Mex. 

*William  R.  Rumbold, Oruro,  Bolivia,  So.  America. 

*H.  Yelverton  Russel, Ouray,  Colo. 

*Earl  F.  Salisbury, Alamo,  Nueva  Leon,  Mex. 

*William  L.  Saunders, New  York,  N.  Y. 

*John  A.  Savage, Pittsburg,  Pa. 

*Arthur  H.  Sawyer, Greenland,  Mich. 

*Charles  W.  Saxman,  .Jr., Latrobe,  Pa. 

*Ehrich  J.  Schrader, St.  Paul,  Minn. 

*Harold  Sharpley, Ivanowna,  "Western  Australia. 

*Edward  L.  Shera, Ocampo,  Zacatecas,  Mex. 

f.James  C.  Simpson,  Jr., Edinburgh,  Scotland. 
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*George  O.  Smart, Germiston,  Transvaal,  So.  Africa. 

*Ale5ander  H.  Smith, Oaxaca,  Mex. 

*Walter  F.  Smith, Philadelphia,  Pa. 

*Albert  E.  Smyser, Steubenville,  O. 

**Walt€r  O.  Snelling, Washington,  D.  C. 

*William  C.  Snyder, Snow  Shoe,  Pa. 

*0.  H.  Sonne, Yerington,  Nev. 

*Howard  Spangler, Victor,  Colo. 

*Persifor  G.  Spilsbury, Cananea,  Sonora,  Mex. 

John  E.  Stead,   .    .  " Sheffield,  England. 

*Horace  J.  Stevens, Houghton,  Mich. 

*Norman  C.  Stines, Carrville,  Cal. 

*James  Stirling, Hollywood,  Cal. 

*Arthur  H.  Stockdale, Ca^-nca  de  Catalan  Guerrero,  Mex. 

**Thomas  W.  P.  Storey, Mostyn,  X.  W.  England. 

*Hallyburton  T.  Stretton, London,  England. 

*Harold  Sturges, Mexico  City,  Mex. 

*John  M.  Sully, Hanover,  X.  M. 

*Maurice  W.  Summerhayes, Beckenham,  Kent,  England. 

*Harry  L.  Swain, Mexico  City,  Mex. 

*Mon-is  G.  Talcott, Clifton,  Ariz. 

*Oscar  Textor, Cleveland,  O. 

*Henry  T.  Thomas, Champion  Keefs,  Mysore  State,  India. 

^Hubert  S.  Thomas, Wellfield,  Llanelly,  England. 

*James  E.  Thomas, Krugersdorp,  Transvaal,  So.  Africa. 

*John  W.  Thomas, Island  Park,  Pa. 

*Joseph  F.  Thorn, Chittabalbie,  Korea. 

*Colin  Timmons, Taxco,  Guerrero,  Mex. 

*Cyrus  F.  Tolman,  Jr.,      Tucson,  Ariz. 

*Jolin  D.  Tolman,  Jr., Aspen,  Colo. 

*Carl  Tombo, Xew  York,  N.  Y. 

*"\Villiam  AV.  Trowbridge, Hacolula,  Oaxaca,  Mex. 

*Scott  Turner, Lansing,  Mich. 

*William  D.  Verschoyle, Ballisodare,  Ireland. 

*Juan  D.  Villarello, Mexico  City,  Mex. 

*Joseph  C.  Vivian, Eio  Tin  to  Mines,  Pro  vincia  de  Huelva,  Spain. 

*Felix  A.  Vogel, Florence,  Wis. 

■f-Ludwig  Vogelstein, New  York,  N.  Y. 

fGeorge  F.  Vollmer, London,  England. 

*Arthur  H.  Walker, New  York,  X.  Y. 

tEdward  J.  Walsh, St.  Louis,  Mo. 

*Isaac  S.  Weaver, Bellevue,  Idaho. 

*Ray  H.  Webb, Aguascalientes,  Mex. 

*George  E.  Webber,       Johannesburg,  Transvaal,  So.  Africa. 

*George  E.  Werner, Los  Angeles,  Cal. 

*Harry  K.  Wheeler, Ely,  Xev. 

*Edmond  A.  While, Mt.  Morgan,  Australia. 

*Jeffries  White, Ocotlan,  Oaxaca,  Mex. 

*Charles  Wilkinson, AVhitehaven,  England. 

tRobert  H.  Willets, Eoslyn,  L.  L,  X.  Y. 

** Alfred  W.  G.  Wilson, Montreal,  Can. 
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*John  B.  Wilson, Cerro  de  Pasco,  Peru,  So.  America. 

*Odell  Wilson, Salmon,  Idaho. 

*Jolin  L.  Winter, San  Francisco,  Cal. 

*Mark  A.  Wolff, Wei  Hai  Wei,  China. 

*Stuart  Wood,      Philadelphia,  Pa. 

*Dwight  E.  Woodridge, Duluth,  Minn. 

*Francisco  J.  Woods, Oaxaca,  Mex. 

*Harold  J.  Wright, Hillgrove,  N.  S.  W.,  Australia. 

*Lars  Yungstrom, Falun,  Sweden. 

*Martin  B.  Zerener, New  York,  N.  Y. 

Deaths. 

The  following  list  comprises  the  names  of  members  whose 
deaths  have  been  reported  to  the  Secretary  of  the  Institute 
during  the  year  1906  : 

Date  of 
Election.  Name.  Date  of  Decease. 

1882.  ■* Abbott,  Arthur  Vaughan, December  1,  1906. 

1889.  *Aker8,  William  Anderson, June  17,  1906. 

1905.  *Allen,  R.  Scott, February —,  1906. 

1900.  *Arlett,  George  H., March  19,  1906. 

1883.  ** Austin,  T.  S., August  23,  1906. 

1902.  *Batchelor,  William  Tittley, September  27,  1906. 

1897.  **Bell,  Charles  Lowthian, February  8,  1906. 

1892.     *Bensusan,  Edgar  Vallentine, May  8,  1906. 

1896.  *Breisch,  Ernest  E., February  14,  1906. 

1895.  *Brown,  Horace  F., •   .    .  April  1-5,  1906. 

1876.  *Burden,  James  A., September  23,  1906. 

1880.  fCoxe,  Alexander  B., January  23,  1906. 

1879.  *Crocker,  George  A., October  20,  1906. 

1904.  **Fraser,  John  H., April  1,  1906. 

1892.  *Gibson,  Eobert, April  18,  1906. 

1900.     *Hart,  E.  G., November  14,  1906. 

1899.    *Jolly,  Alexander  W., . 

1899.  *Keener,  George  L., August  13,  1906. 

1893.  *Lanning,  John  G., July  18,  1906. 

1882.  *Lennig,  Nicholas January  24,  1906. 

1905.  *Mandell,  Frank  C, December  14,  1906. 

1895.  *Miller,  Edmund  Howd, November  8,  1906. 

1903.  **Morris,  John  Fossbrook, December  23,  1905. 

1893.     *Odling,  Francis  James, September  10,  1906. 

1897.  *Orr,  William, November  20,  1905. 

1893.     *Painter,  William, July  15,  1906. 

1896.  *Pearce,  Stanley  H., July  10,  1906. 

1900.  *Poole,  Herman, February  6,  1906. 

1898.  *Ramos,  Ricardo  G.,      . 

1904.  ^Rising,  Arthur  F., October  10,  1906. 

1886.  *Robinson,  George  H., July  3,  1906. 

*  Member.  t  Associate.  **  Life  Member. 
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Election.  Name.  Date  of  Decease. 

1905.  *Sayles,  Albert  W., January  — ,  1906. 

1888.  *Seddon,  Richard  J.,      June  10,  1906. 

1887.  *Simpson,  James  C, September  9,  1906. 

1889.  *Sperry,  Francis  L., Aprill7,  1906. 

1877.  fStanton,  John, February  23,  1906. 

1877.  **Stoiber,  Edward  G., April  21,  1906. 

1871.  *Thomas,  Samuel, February  21,  1906. 

1900.  *Toll,  Abel  Hyde, September  13,  1906. 

1896.  **VVetherill,  John  Price, November  9,  1906. 

1903.     *Williams,  Harvey  Ladew August  4,  1905. 

1901.  *Wrinkle,  Lawrence  F.  J., ,  1904. 

*  Member.  f  Associate.  **  Life  Member. 
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Proceedings    of  the    Ninetieth    Meeting,    Bethlehem,    Pa., 

February,  1906. 

COMMITTEES. 

General  Local  Committee. — John  Fritz,  Chairman  ;  A.  B.  de  Saulles,  Vice-Chair- 
man ;  K.  M.  Bird,  Treasurer  ;  Henry  S.  Drinker,  Secretary  ;  Robert  H.  Sayre,  E.  P. 
"Wilbur,  Charles  M.  Dodson,  Abraham  S.  Schropp,  E.  M.  Mcllvain,  Archibald 
Johnston,  A.  B.  Fichter,  G.  G.  Convers,  W.  A.  Wilbur,  Garrett  B.  Linderman, 
Frederick  Conlin,  George  Pettinos,  Albert  Brodhead,  Garrett  L.  Hoppes,  M.  B. 
Cutter,  H.  J.  Seaman,  C.  A.  Matcham.  B.  F.  Fackenthal,  Jr.,  A.  L.  J.  Queneau, 
Geo.  R.  Elder,  Eldridge  Wilbur,  AVilliam  H.  Chandler,  Mansfield  Merriman, 
Joseph  F.  Klein,  William  S.  Franklin,  William  Esty,  .Joseph  W.  Richards,  How- 
ard Eckfeldt,  John  D.  Irving. 

Transportation  Committee. — H.  J.  Seaman,  C.  A.  Matcham,  B.  F.  Fackenthal, 
Jr.,  A.  B.  Fichter,  A.  L.  J.  Queneau,  Henry  S.  Drinker. 

Hotel  Committee. — Garrett  B.  Linderman,  Charles  M.  Dodson,  W.  A.  Wilbur, 
Garrett  L.  Hoppes,  Albert  BrodlYead. 

Steering  Committee. — William  S.  Franklin,  William  Esty,  John  D.  Irving,  R.  M. 
Bird,  the  members  of  the  Tau  Beta  Pi  Society  of  Lehigh  University. 

Committee  on  Meetings. — Henry  S.  Drinker,  Joseph  W.  Richards,  Howard  Eck- 
feldt. 

Entertainment  Committee. — W.  A.  Wilbur,  E.  M.  Mcllvain,  Archibald  Johnston, 
A.  B.  de  Saulles,  G.  G.  Convers,  A.  L.  J.  Queneau,  Garrett  B.  Linderman,  Fred- 
erick Conlin,  George  Pettinos,  Garrett  L.  Hoppes,  Henry  S.  Drinker,  William  S. 
Franklin,  Eldridge  Wilbur,  Robert  M.  Bird,  Secretary. 


The  opening  session  was  held  at  8.30  p.m.,  Wednesday, 
Feb.  21, 1906,  in  Gymnasium  Hall  of  Lehigh  University,  which 
had  been  tastefully  decorated  with  flags  and  bunting. 

Dr.  Henry  S.  Drinker,  President  of  Lehigh  University,  and 
Secretary  of  the  General  Local  Committee,  called  the  meeting 
to  order,  and  welcomed  the  Institute  to  the  Bethlehems,  where 
its  first  meeting,  after  its  organization  in  May,  1871,  at  Wilkes- 
Barre,  was  held  in  August,  1871.* 

*  Dr.  Drinker  was  one  of  the  22  members — of  whom  only  four  survive— who 
organized  the  Institute  at  Wilkes-Barre ;  and  at  the  Bethlehem  meeting  which 
followed,  he  presented  a  paper  on  The  W^orks  and  Mines  of  the  Lehigh  Zinc 
Co.  As  President  of  Lehigh  University,  he  succeeded,  in  1905,  the  late  Dr. 
Thomas  M.  Drown,  another  of  the  "original  twenty-two."  In  his  address  of 
welcome.  Dr.  Drinker  emphasized  the  intimate  relations  between  the  Institute 
and  Lehigh  University,  established  through  the  active  membership  of  many 
Lehigh  professors  and  graduates. 
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President  James  Gayley  replied  in  a  brief  address,  expressing 
the  thanks  of  the  Institnte  for  the  cordial  welcome  .thus  ex- 
tended to  it,  and  the  pleasure  with  which  so  many  of  its  mem- 
bers, especially  of  those  who  had  participated  in  its  early  his- 
tory, were  now  gathered  once  more  in  the  Lehigh  valley,  which 
was  the  cradle  of  its  infancy.  In  addition  to  what  had  been 
said  already  by  President  Drinker,  Mr.  Gayley  recalled  the 
names  of  many  Lehigh  valley  men,  who  had  been  pioneers  of 
the  new  industrial  era,  as  well  as  potent  factors  in  the  success 
of  the  Listitute.  In  this  connection,  he  called  attention  to  the 
significant  fact  that  the  members  who  joined  the  Institute  dur- 
ing the  first  year  of  its  existence  came  largely  from  the  Lehigh 
valle}',  or  were  connected  with  the  industries  which  it  repre- 
sented, and  that  of  the  names  added  during  that  period  to  the 
membership  of  the  Institute,  a  surprisingly  large  number  have 
become  famous  as  scientific  investigators  and  instructors,  or  as 
"  captains  of  industry."  In  other  words,  the  men  who  founded 
the  Institute,  or  rallied  to  its  support  during  the  first  year  which 
followed,  were  men  of  first-class  ability  and  promise,  as  attested 
by  their  achievements  and  present  fame. 

The  Secretary  announced  the  receipt  of  telegraphic  notice  of 
the  death  of  Samuel  Thomas,  Catasauqua,  Pa.,  an  old  and  highly 
esteemed  member  of  the  Institute,  and  son  of  David  Thomas, 
its  first  President. 

The  following  paper  was  presented  by  the  Secretary,  in  the 
absence  of  the  author  : 

Biographical  Xotice  of  George  H.  Eldridge,  by  S.  F.  Emmons, 
"Washington,  D.  C. 

The  following  papers  were  presented  in  oral  abstract  by  the 
author : 

Biographical  Xotice  of  Edward  Cooper,  by  R.  "W.  Raymond, 
Xew  York,  X.  Y. 

Biographical  Notice  of  Alexander  B.  Coxe,  by  R.  W.  Ray- 
mond, Xew  York,  l!T.  Y. 

Mr.  Howard  W.  DuBois,  of  Philadelphia,  Pa.,  gave  an  ad- 
mirable and  enjoyable  exhibition  of  colored  pictures  of  moun- 
tain scenery  in  British  Columbia,  Alaska,  and  the  Yukon 
Territory,  which  was  especially  interesting  to  those  who  had 
attended  the  British  Columbia  Excursion  of  the  last  meeting  of 


PROCEEDINGS    OF    THE    BETHLEHEM    MEETING.  xliii 

the  Institute,  and  had  traveled  over  much  of  the  country  de- 
scribed by  Mr.  DuBois. 

The  second  session  was  held  at  10  a.m.,  Februar}^  22,  in  the 
Physical  Lecture-Room  of  Lehigh  University,  President  Gayley 
in  the  chair. 

The  following  papers  were  presented  by  the  authors,  and 
discussed : 

Notes  on  the  Gayley  Dry-Air  Blast-Process,  by  Carl  A.  Meiss- 
ner,  New  York,  N.  Y.  (Discussed  by  Messrs.  H.  M.  Howe, 
Joseph  AV.  Richards,  Frank  Firmstone,  R.  "W.  Raymond  and 
James  Gayley.) 

Piping  in  Steel  Ligots,  by  N.  Lilienberg,  Philadelphia,  Pa. 

The  Present  Condition  of  the  Metallurgy  of  Aluminum,  by 
Joseph  W.  Richards,  Lehigh  University,  South  Bethlehem,  Pa.* 

The  third  session  was  held  at  the  same  place,  at  2.30  p.m., 
February  22.  The  following  paper  was  read  by  the  Secretary, 
in  the  absence  of  the  author: 

A  Novel  Method  of  Mining  Kaolin,  by  Albert  R.  Ledoux, 
New  York,  N.  Y. 

The  following  papers  were  presented  by  their  authors,  and 
discussed : 

A  Reconnaissance  for  the  Platinum  Metals  in  British  Colum- 
bia (illustrated  with  lantern-views),  by  Howard  W.  DuBois, 
Philadelphia,  Pa.* 

The  Secondary  Enrichment  of  Copper-Iron  Sulphides,  by 
Thomas  T.  Read,  New  York,  N.  Y. 

The  following  papers  were  presented  in  printed  pamphlets  : 

An  Old  Specimen  of  American  Spiegeleisen,  by  Frank  Firm- 
stone,  Easton,  Pa. 

Bibliography  of  Coal- Washing,  by  S.  S.  Wyer,  Columbus,  0. 

The  Beard-Mackie  Sight-Indicator  for  the  Measurement  of 
Marsh-Gas  in  Collieries,  by  M.  H.  Harrington,  Philadelphia, 
Pa. 

Fine  Grinding  of  Ore  by  Tube-Mills,  and  Cyaniding  at  El 
Oro,  Mexico,  by  Gelasio  Caetani,  Rome,  Italy,  and  E.  Burt, 
El  Oro,  Mex. 

Crushing-Tests  of  the  Diamonds  Used  in  Drilling,  by  Alex- 
ander N.  Mitinsky,  St.  Petersburg,  Russia. 

*  Not  furnished  for  publication. 
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The  Mining,  Preparation  and  Smelting  of  Virginia  Zinc- 
Ores,  by  Thomas  L.  Watson,  Blacksburg,  Ya. 

The  Ancient  Copper-Mines  of  Lake  Superior,  by  Alvinus 
Brown  Wood,  Detroit,  Mich. 

The  Relative  Merits  of  Large  and  Small  Drilling-Machines 
in  Development- Work,  by  Frederick  T.  Williams,  Victor,  Colo. 

A  Reference-Scheme  for  Mine- Workings,  by  Wilbur  E.  San- 
ders, Helena,  Mont. 

Cost- Accounts  of  Gold-Mining  Operations,  by  T.  H.  Sheldon, 
Victor,  Colo. 

Screens  for  Sizing,  by  Ernest  A.  Hersam,  Berkeley,  Cal. 

I^otes  on  Southern  Nevada  and  Inyo  County,  California,  by 
Harry  H.  Taft,  Denver,  Colo. 

The  Geology  and  Petrography  of  the  Goldfield  Mining-Dis- 
trict, Nevada,  by  John  B.  Hastings,  Denver,  Colo.,  and  Charles 
P.  Berkey,  Xew  York,  X.  Y. 

The  Mojave  Mining-District  of  California,  by  Charles  E.  W. 
Bateson,  N"ew  York,  ]Sr.  Y. 

Discussion  of  the  paper  of  James  Gayley,  on  The  Applica- 
tion of  Dry- Air  Blast  to  the  Manufacture  of  Iron,  by  Edward 
D.  Campbell,  Ann  Arbor,  Mich.* 

Discussion  of  the  paper  of  H.  R.  Hall,  on  The  Use  of  High 
Percentages  of  Fine  Ore  in  a  Charcoal  Blast-Furnace,  by  R.  H. 
Sweetser,  Sault  Ste.  Marie,  Ontario,  Can.f 

Discussion  of  the  paper  of  H.  H.  Campbell,  on  The  Influ- 
ence of  Carbon,  Phosphorus,  Manganese  and  Sulphur  on  the 
Tensile  Strength  of  Open-Hearth  Steel,  by  Mansfield  Merri- 
man.  South  Bethlehem,  Pa.| 

Discussion  of  the  paper  of  Jfiptner  von  Jonstorff  and  others 
on  Comparison  of  Methods  for  the  Determination  of  Carbon 
and  Phosphorus  in  Steel,  by  Clemens  C.  Jones,  Richmond, 
Va.,  and  R.  W.  Raymond,  Xew  York,  N".  Y.§ 

Discussion  of  the  paper  of  James  P.  Roe,  on  The  Manu- 
facture and  Characteristics  of  Wrought-Irou,  by  Taylor  All- 
derdice,  Pittsburg,  Pa,|| 

Discussion  of  the  paper  of  M.  R.  Campbell,  on  The  Com- 
mercial Value  of  Coal-Mine  Sampling,  by  A.  Bement,  Chi- 
cago, IlLH 

*  Ti-ans.,  xxxvi.,  765.  f  Trans.,  xxxvi.,  835.         J   Trans.,  xxxvi.,  803. 

I   Trans.,  xxxvi.,  741.  |1    Trnns.,  xxxvi.,  823.         *'  Trans.,  xxxvi.,  834. 
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Discussion  of  the  paper  of  M.  R.  Campbell,  on  The  Classi- 
fication of  Coals,  by  Dr.  Persifor  Frazer,  Philadelphia,  Pa.* 

Reply  to  Mr.  Rose's  Discussion  of  the  paper  by  Hofman  and 
Magnuson,  on  The  Effect  of  Silver  ou  the  Chlorination  and 
Bromination  of  Gold,  by  H.  O.  Hofman,  Boston,  Mass.f 

Discussion  of  the  paper  of  Messrs.  Gibb  and  Philp,  on  The 
Constitution  of  Mattes  Produced  in  Copper-Smelting,"  by  Ed- 
ward Keller,  Baltimore,  Md.| 

The  following  papers  were  read  by  title,  for  future  publica- 
tion : 

Gold-Dredging  in  the  Urals,  with  IN'otes  on  Dredging  in  Si- 
beria, by  William  H.  Shockley,  New  York,  N.  Y. 

Notes  on  the  Roumanian  Oil-Fields,  by  P.  Charteris  A.  Stew- 
art, Cairo,  Egypt. 

Entertainments  and  Excursions. 
An  account  of  the  entertainments  and  excursions  in  which 
the  members  of  the  Institute  and  their  guests  participated  was 
published  in  Bi-31onthly  Bulletin,  No.  9,  May,  1906,  pp.  501  to 
504. 

Members  and  Guests  Registered. 

The  following  list,  which  is  doubtless  incomplete,  comprises 
the  names  of  members  and  guests  registered  at  the  headquarters : 


E.  O.  C.  Acker,  Bethlebem,  Pa. 
William  Afflich,  Ellsworth,  Pa. 
Edgar  A.  Ashcroft,  London,  England. 
W.  S.  Ayres,  Hazleton,  Pa. 

Mrs.  W.  S.  Ayres,  Hazleton,  Pa. 

F.  E.  Bachman,  Port  Henry,  N.  Y. 
Mrs.  F.  E.  Bachman,  Port  Henry,  N.  Y. 
H.  Foster  Bain,  Urbana,  111. 

David  Baker,  Philadelphia,  Pa. 
Robert  M.  Bird,  South  Bethlehem,  Pa. 
Cyrus  Borgner,  Philadelphia,  Pa. 
Mrs.  Cyrus  Borgner,  Philadelphia,  Pa. 
Miss  Borgner,  Philadelphia,  Pa. 
Horace  Boyd,  Hokendauqua,  Pa. 
John  Boyer,  Bethlehem,  Pa. 
Albert  Brodhead,  Bethlehem,  Pa. 
Robert  E.  Brooke,  Birdsboro,  Pa. 
Otto  C.  Burkhart,  Bethlehem,  Pa. 
R.  C.  Carpenter,  Ithaca,  N.  Y. 
Charles  Catlett,  Staunton,  Va. 


\V.  H.  Chandler,  South  Bethlehem,  Pa. 
S.  H.  Chauvenet,  Sheridan,  Pa. 
S.  P.  Christie,  High  Bridge,  N.  J. 
Mrs.  S.  P.  Christie,  High  Bridge,  N.  J. 

E.  T.  Clymer,  Philadelphia,  Pa. 

F.  H.  Clymer,  Reading,  Pa. 
L.  S.  Clymer,  Riegelsville,  Pa. 
Mrs.  L.  S.  Clymer,  Riegelsville,  Pa. 
W.  B.  Cogswell,  Syracuse,  N.  Y. 
Mrs.  W.  B.  Cogswell,  Syracuse,  N.  Y. 
Frederick  Conlin,  Bethlehem,  Pa. 

G.  G.  Converse,  South  Bethlehem,  Pa. 
C.  B.  Cook,  Pottstown,  Pa. 

Edgar  S.  Cook,  Pottstown,  Pa. 

Mrs.  Edgar  S.  Cook,  Pottstown,  Pa. 

Edward  B.  Cook,  Pottstown,  Pa. 

M.  B.  Cutter,  Bethlehem,  Pa. 

Daniel  Davis,  Alburtis,  Pa. 

A.  B.  de  Saulles,  South  Bethlehem,  Pa. 

Mrs.  A.  B.  de  Saulles, So.  Bethlehem,  Pa. 


*  Trans.,  xxxvi.,  825.  f   Trans.,  xxxvi.,  802.         J  Trans.,  xxxvi.,  837. 
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Mrs.C.  M.  deSauUes,  So.  Bethlehem,  Pa. 
John  H.  de  Saulles,  New  York,  X,  Y. 
AV.  A.  Doble,  San  Francisco,  Cal. 
Charles  M.  Dodson,  Bethlehem,  Pa. 
P.  J.  Donohue,  Salt  Lake  City,  Utah. 
B.  I.  Drake,  New  York,  N.  Y. 
H.  S.  Drinker,  South  Bethlehem,  Pa. 
Howard  W.  DuBois,  Philadelphia,  Pa. 
Mrs.  H.  W.  DuBois,   Philadelphia,  Pa. 
Howard  Eckfeldt, South  Bethlehem,  Pa. 
Mrs.  H.  Eckfeldt,  South  Bethlehem,  Pa. 
George  E.  Elder,  Ellsworth,  Pa. 
Lincoln  Ellsworth,  Bethlehem,  Pa. 
"William  Esty,  Montclair,  X.  J. 
Ernst  F.  Eurich,  Bethlehem,  Pa. 
Harold  G.  Eynon,  Philadelphia,  Pa. 
Thomas  M.  Eynon,  Philadelphia,  Pa. 

B.  F.  Fackenthal,  Jr.,  Riegelsville,  Pa. 
Mrs.  B.  F.  Fackenthal,  Jr.,  Kiegelsville. 
A.  B.  Fichter,  Bethlehem,  Pa. 
Frank  Firmstone,  Easton,  Pa. 

W.  S.  Franklin,  Bethlehem,  Pa. 
John  Fritz,  Bethlehem,  Pa. 
J.  W.  Fuller,  Jr.,  Catasauqua,  Pa. 
Mrs.  J.  W.  Fuller,  Jr.,  Catasauqua,  Pa. 
E.  W.  Furst,  Cleveland,  O. 
James  Gayley,  New  Y'^ork,  N.  Y. 
Fritz  Gleim,  Portoferraio,  Italy. 
G.  McM.  Godley,  New  York,  N.  Y. 
H.  H.  Godshall,  Lonsdale,  Pa. 
Charles  Goodman,  New  York,  N.  Y. 

E.  W.  Gordon,  Ehyolite,  Nev. 
Charles  B.  Green,  Easton,  Pa. 
Frank  Haas,  Fairmount,  W.  Va. 
N.  V.  Hansen,  Lyon  Mt.,  N.  Y. 

F.  E.  Haverstick,  Philadelphia,  Pa. 

C.  W.  Hayes,  Washington,  D.  C. 
Homer  "\V.  Hendricks,  Bethlehem,  Pa. 
Henry  H.  Hendshaw,  Albany,  N.  Y. 
H.  Y.  Hesse,  Fairmount,  W.  Va. 

L.  Holbrook,  New  York,  N.  Y. 
Mrs.  L.  Holbrook,  New  York,  N.  Y. 
J.  H.  Holderness,  South  Bethlehem, Pa. 
Garret  L.  Hoppes,  Bethlehem,  Pa. 
Henry  M.  Howe,  New  York,  N.  Y. 

G.  A.  Howells,  New  York,  N.  Y. 
Charles  E.  Hulick,  Hellertown,  Pa. 
C.  S.  Hurd,  New  York,  N.  Y. 
Edward  S.  Hutchinson,  Newtown,  Pa. 
Mrs.  E.  S.  Hutchinson,  Newtown,  Pa. 
Walter  E.  lagalls.  New  York,  N.  Y. 
John  D.  Irving,  South  Bethlehem,  Pa. 


Woolsey  McA.  Johnson,  lola,  Kan. 
Archibald  Johnston,  Bethlehem,  Pa. 
W.  J.  Johnston,  New  York,  N.  Y. 
Mrs.  W.  J.  Johnston,  New  York,  N.  Y. 
J.  H.  Jowett,  New  York,  N.  Y. 
Edward  K.  Judd,  New  Y'ork,  N.  Y. 
James  F.  Kemp,  New  York,  N.  Y. 
J.  S.  Kennedy,  Stanhope,  N.  J. 
Paul  S.  King,  New  York,  N.  Y. 
Charles  Kirchhoff,  New  York,  N.  Y. 
Joseph  F.  Klein,  Bethlehem,  Pa. 
I.  N.  Knapp,  Philadelphia,  Pa. 
S.  F.  Knapp,  Cleveland,  O. 
Walter  S.  Landis,  Bethlehem,  Pa. 
J.  Harry  Lee,  Baltimore,  Md. 
Mrs.  J.  Harry  Lee,  Baltimore,  Md. 
N.  Lilienberg,  Philadelphia,  Pa. 
G.B.  Linderman,  South  Bethlehem,  Pa. 
Stuart  Lindesley,  Orange,  N.  J. 
Mrs.  Stuart  Lindesley,  Orange,  N.  J. 
C.  P.  Linville,  State  College,  Pa. 
L.  P.  Lohne,  Cleveland,  O. 
E.  .J.  McCaustland,  Ithaca,  N.  Y. 
E.  M.  Mcllvain,  South  Bethlehem,  Pa. 
Mrs.E.  M.  Mcllvain,  So.  Bethlehem,  Pa. 
William  E.  Mcllvain,  Eeading,  Pa. 
Mrs.  William  E.  Mcllvain,  Eeading,  Pa. 
Henry  Maddock,  Bethlehem,  Pa. 
Charles  A.  Matcham,  Alientown,  Pa. 
Mrs.  Chas.  A.  Matcham,  Alientown,  Pa. 
Miss  C.  Matcham,  Alientown,  Pa. 
Sidney  H.  Matcham,  Alientown,  Pa. 
C.  A.  Meissner,  New  York,  N.  Y. 
Mansfield  Merriman,  So.  Bethlehem,  Pa. 
Harlan  C  Miner,  Gloucester,  N.  J. 
N.  B.  Mitman,  Philadelphia,  Pa. 
H.  S.  Munroe,  New  York,  N.  Y. 
E.  V.  Norris,  Wilkes-Barre,  Pa. 
C.    L.  O'Neil,  Alientown,  Pa. 
George  Ormrod,  Alientown,  Pa. 
Mrs.  George  Ormrod,  Alientown,  Pa. 
Miss  Ormrod,  Alientown,  Pa. 
I.  P.  Pardee,  Hazleton,  Pa. 
Mrs.  I.  P.  Pardee,  Hazleton,  Pa. 
E.  W.  Parker,  Washington,  D.  C. 
G.  S.  Patterson,  Vivian,  W.  Va. 
Mrs.  G.  S.  Patterson,  Vivian,  W.  Va. 
Edmund  C.  Pechin,  Buchanan,  Va. 
Joseph  S.  Pendleton,  Eeading,  Pa. 
George  Pettinos,  Bethlehem,  Pa. 
A.  L.  J.  Queneau,  South  Bethlehem,  Pa. 
Eossiter  W.  Eaymond,  New  York,  N.Y. 
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Thomas  T.  Read,  New  York,  N.  Y. 
J.  W.  Eeno,  New  York,  N.  Y. 
Robert  Eidgway,  New  York,  N.  Y. 
Thomas  Robins,  Jr.,  New  York,  N.  Y. 
Mrs.  Thos.  Robins,  Jr.,  New  York,  N.  Y. 
M.  K.  Rodgers,  Seattle,  Wash. 
C.  W.  Roepper,  Boston,  Mass. 

E.  F.  Rotber,  New  York,  N.  Y. 
Joseph  W.  Richards,  Bethlehem,  Pa. 
Mrs.  Jos.  W.  Richards,  Bethlehem,  Pa. 
Robert  H.  Richards,  Boston,  Mass. 
.John  F.  Saeger,  AUentown,  Pa. 

Mrs.  John  F.  Saeger,  AUentown,  Pa. 
James  F.  Sanborn,  New  York,  N.  Y. 
Robert  H.  Sayre,  South  Betlilehem,  Pa. 
Harry  .J.  Seaman,  Catasauqua,  Pa. 
Mrs.  Harry  J.  Seaman,  Catasauqua,  Pa. 
Edward  Schroeder,  New  York,  N.  Y. 
Abr.  S.  Schropp,  Bethlehem,  Pa. 
J.  M.  Sherrerd,  Easton,  Pa. 
Mrs.  J.  M.  Sherrerd,  Easton,  Pa. 

F.  F.  Sharpless,  New  York,  N.  Y. 
Porter  W.  Shimer,  Easton,  Pa. 

E.  M.  Shipps,  Newburgh,  N.  Y. 
L.  Bennett  Smith,  Wilkes-Barre,  Pa. 
Oberlin  Smith,  Bridgeton,  N.  J. 
Mrs.  Oberlin  Smith,  Bridgeton,  N.  J. 


Miss  Smith,  Bridgeton,  N.  J. 
Baird  Snyder,  Jr.,  Lansford,  Pa. 
Harrison  Souder,  Cornwall,  Pa. 
Arthur  C.  Spencer,  Washington,  D.  C. 
jSIorton  Stevens,  Philadelphia,  Pa. 
H.  H.  Stoek,  Scranton,  Pa. 
Josepli  Struthers,  New  York,  N.  Y. 
L.  S.  Sullivan,  Bethlehem,  Pa. 
Knox  Taylor,  Plainfield,  N.  J. 
Mrs.  Knox  Taylor,  Plainfield,  N.  J. 
L.  H.  Taylor,  Jr.,  Philadelphia,  Pa. 
John  W.  Thomas,  Island  Park,  Pa. 
J.  B.  Tyrrell,  Dawson,  Y.  T.,  Can. 
Leonard  Waldo,  Plainfield,  N.  J. 
R.  S.  Weaver,  Catasauqua,  Pa. 
Walter  H.  Weed,  Washington,  D.  C. 
Mrs.  Walter  H.  Weed, Washington,  D.  C. 
Olaf  W^enstrom,  Boston,  Mass. 
Mrs.  Thos.  D.Whitaker,  AUentown,  Pa. 
Maunsel  White,  Bethlehem,  Pa. 
W.  B.  Whitman,  Philadelphia,  Pa. 
E.  P.  Wilbur,  South  Bethlehem,  Pa. 
Eldridge  Wilbur,  South  Bethlehem,  Pa. 
W.  A.  Wilbur,  South  Bethlehem,  Pa. 
John  F.  Wilcox,  Orange,  N.  J. 
W.  S.  Wintersteen,  Bethlehem,  Pa. 
Charles  Ziegenfuss,  Bethlehem,  Pa. 
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Proceedings  of  the  Ninety-First  Meeting,  London,  England, 

July,  1906.* 

General  Reception  Committee. 

Executive  Committee. 

E.  A.  Hadfield,  W.  H.  Bleckly/The  Kt.  Hon.  Sir  James  Kitson,  Bart.,  M.  P., 
E.  "Windsor  Richards,  E.  P.  Martin,  Andrew  Carnegie,  Sir  Hugh  Bell,  Bart. ,  Ben- 
nett H.  Brough. 

Patrons. 

Adamson,  Joseph,  &  Co.,  Hyde;  Aird,  John,  &  Co.,  London;  Akrill,  C,  & 
Co.,  Ltd.,  West  Bromwich  ;  Anderson  Foundry  Co.,  Ltd.,  Port  Clarence,  Middles- 
brough ;  Armstrong,  Sir  W.  G.,  Whitworth  &  Co.,  Ltd.,  Newcastle-on  Tyne  ;  As- 
sociated Portland  Cement  Manufacturers  (1900),  Ltd.,  London;  Babcock  &  Wil- 
cox, Ltd.,  London;  Baird,  William,  &  Co.,  Ltd.,  Glasgow;  Baldwin's,  Ltd., 
Stourport ;  Barclay,  Andrew,  Sons  &  Co.,  Ltd.,  Kilmarnock  ;  Barrow  Hematite 
Steel  Co.,  Ltd.,  Barrow-in-Furness;  Bayliss,  Jones  &  Bayliss,  Ltd.,  Wolver- 
hampton ;  Beardshaw,  J.,  &  Son,  Ltd.,  Sheffield;  Bell  Brothers,  Ltd.,  Middles- 
brough ;  Bolckow,Vaughan  &  Co.,  Ltd.,  Middlesbrough  ;  Booth,  Joseph,  &  Bros., 
Ltd.,  Leeds  ;  Briton  Ferry  Works,  Ltd.,  Briton  Ferry  ;  Butlin,  Thomas,  &  Co., 
Ltd.,  Wellingborough  ;  Butterley  Co.,  Ltd.,  Alfreton  ;  Byrne,  James,  &  Co., 
Middlesbrough;  Cargo  Fleet  Iron  Co.,  Ltd.,  Middlesbrough;  Carnforth  Hema- 
tite Iron  Co.,  Ltd.,  Carnforth  ;  Cochrane  &  Co.,  Ltd.,  Middlesbrough  ;  Coltness 
Iron  Co.,  Ltd.,  Glasgow  ;  Colville,  David,  &  Sons,  Ltd.,  Motherwell  ;  Consett 
Iron  Co.,  Ltd.,  Consett;  Cooke,  William,  &  Co.,  Ltd.,  Tinsley  ;  Craggs,  R.,  & 
Sons,  Ltd.,  Middlesbrough  ;  Darwen  &  Mostyn  Iron  Co.,  Ltd.,  Mostyn  ;  Dorman, 
Long  &  Co.,  Middlesbrough  ;  Dunlop,  J.,  &  Co.,  Ltd.,  Glasgow  ;  Ebbw  Vale 
Steel,  Iron  &  Coal  Co.,  Ltd.,  Ebbw  Vale  ;  Engineer,  The,  The  Proprietors  of,  Lon- 
don ;  Engineering,  The  Proprietors  of,  London  ;  Etna  Iron  &  Steel  Co.,  Mother- 
well ;  Farnley  Iron  Co.,  Ltd.,  Leeds  ;  Firth,  Thomas,  &  Sons,  Ltd.,  Sheffield; 
Flather,  W.  T.,  Ltd.,  Sheffield;  Eraser  &  Chalmers,  Ltd.,  Erith  ;  Frodingham 
Iron  &  Steel  Co.,  Ltd.,  Doncaster  ;  Gjers,  Mills  &  Co.,  Ltd.,  Middlesbrough; 
Glenboig  Union  Fire-Clay  Co.,  Ltd. ,  Glasgow  ;  Glengarnock  Iron  &  Steel  Co., 
Ltd.,  Glengarnock;  Guest,  Keen  &  Nettlefolds,  Ltd.,  Birmingham;  Hadfield's 
Steel  Foundry  Co.,  Ltd.,  Sheffield  ;  Hall,  J.  &  E.,  Ltd.,  Dartford  ;  Harkness,  W., 
&  Sons,  Ltd.,  Middlesbrough  ;  Harrison  &  Co.,  Ltd.,  Lincoln  ;  Head,  Wright- 
son  &  Co.,  Ltd.,  Stockton-on-Tees  ;  Hill,  John,  &  Co.,  Middlesbrough  ;  Hingley, 
N.,  &  Sons,  Ltd.,  Dudley;  Hopper,  John  I.,  Ltd.,  Thornaby-on-Tees ;  Hull 
Forge  Iron  &  Steel  Co.,  Ltd.,  Hull ;  Iron  and  Coal  Trades  Review,  The  Proprietors 
of,  London  ;  Ironmonger,  The,  The  Proprietors  of,  London  ;  Jackman,  Joseph,  & 
Co.,  Ltd.,  Sheffield  ;  Jessop  &  Appleby  Bros.,  Ltd.,  Leicester  and  London  ;  Jes- 

*  Held  jointly  with  the  Iron  and  Steel  Institute.  The  present  report  has  been 
necessarily  condensed,  especially  as  regards  excursions,  entertainments  and  ad- 
dresses, from  the  more  extended  account  in  the  Bi-Monthly  Bulletin  of  the  Insti- 
tute for  November,  1906,  pp.  809  to  908. 
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sop,  William,  &  Sons,  Ltd.,  Sheffield;  Lanarkshire  Steel  Co.,  Ltd.,  Motherwell  ; 
Lilleshall  Co.,  Ltd.,  Shifnal  ;  Linthorpe-Dinsdale  Smelting  Co.,  Ltd.,  Middles- 
brough ;  Lloyd,  F.  H.,  &  Co.,  Ltd.,  Wednesbury  ;  Macfadyen,  P.,  &  Co.,  London  ; 
MacLellan,  P.  &  W.,  Ltd.,  Glasgow  ;  Mason,  Adam,  &  Sons,  Bolton;  Mining 
Institute  of  Scotland,  Hamilton  ;  Moss  Bay  Hematite  Iron  &  Steel  Co.,  Ltd., 
Workington  ;  Miiller,  W.  H.,  &  Co.,  Rotterdam  ;  Naylor,  Benzon  &  Co.,  Ltd., 
London  ;  Normanby  Iron  Works  Co.,  Ltd.,  Middlesbrough  ;  North-Eastern  Rail- 
way Company;  Xorth-Eastern  Steel  Co.,  Ltd.,  Middlesbrough;  North  of  Eng- 
land Institute  of  Mining  Engineers;  Oakes,  James,  &  Co.,  Alfreton,  Otis  Steel 
Co.,  Ltd.,  London;  Park  Gate  Iron  &  Steel  Co.,  Ltd.,  Rotherham  ;  Pearson  & 
Knowles  Coal  &  Iron  Co.,  Ltd.,  Warrington  ;  Pease  &  Partners,  Ltd.,  Darlington  ; 
Pickerings,  Ltd.,  Stockton-on-Tees;  Raine  &  Co.,  Ltd.,  Newcastle-upon-Tyne  ; 
Richardson,  Duck  &  Co.,  Stockton-on-Tees  ;  Richardsons,  Westgarth  &  Co.,  Ltd., 
Middlesbrough  ;  Richmond  Iron  &  Steel  Co.,  Stockton-on-Tees  ;  Ridley,  T.  D., 
&  Sons,  Middlesbrough  ;  Ritchie,  J.  &  R.,  Ltd.,  Middlesbrough;  Samuelson,  Sir 
B.,  &  Co.,  Ltd.,  Middlesbrough;  Sankey,  Joseph,  &  Son,  Ltd.,  Bilston  ;  Scott, 
Walter,  Ltd.,  Leeds  ;  Seaton  Carew  Iron  Co.,  Ltd.,  Seaton  Carew  ;  Seebohm  & 
Dieckstahl,  Ltd.,  Sheffield  ;  Senior,  George,  &  Sons,  Ltd.,  Sheffield  ;  Shaw,  W., 
&  Co.,  Middlesbrough  ;  Simon-Carves  Bye-Product  Coke  Oven  Construction  & 
Working  Co.,  Ltd.,  Manchester;  Simpson,  James,  &  Co.,  Ltd.,  London;  Skin- 
ningrove  Iron  Co.,  Ltd.,  Skinningrove,  Carlin  How,  S.  O.  ;  Slag  Reduction  Co., 
Ltd.,  London  ;  Smith,  Frederick,  &  Co.,  Ltd.,  Halifax  and  Manchester  ;  Somers, 
Walter,  &Co.,  Ltd. ,  Halesowen  ;  South  Durham  Steel  &  Iron  Co.,  Ltd.,  Stockton- 
on-Tees  ;  Spencer,  John,  Ltd.,  Coatbridge;  Steel  Company  of  Scotland,  Ltd., 
Glasgow  ;  Steel,  Peech  &  Tozer,  Ltd.,  Sheffield  ;  Stein,  John  G.,  &  Co.,  Ltd., 
Bonnybridge  ;  Summers,  John,  &  Sons,  Ltd.,  Stalybridge  ;  Swan  Brothers,  Mid- 
dlesbrough ;  Talbot  Continuous  Steel  Process,  Ltd.,  Middlesbrough;  Teesside 
Bridge  &  Engineering  Works,  Ltd.,  Middlesbrough;  Thomas,  R.,  &  Co.,  Ltd., 
Llanelly  ;  Thornycroft,  John  I.,  &  Co.,  Ltd.,  Chiswick  ;  United  States  Steel 
Products  Export  Co.,  London  ;  Vickers,  Sons  &  Maxim,  Ltd.,  Sheffield  ;  W^ard, 
Thos.  W.,  Ltd.,  Sheffield;  Warren,  Beattie  &  Co.,  Ltd.,  Middlesbrough;  Wat- 
son, James,  &  Co,  Middlesbrough  ;  Watson,  W.  J.,  &  Co.,  Middlesbrough  ;  Wav- 
erley  Iron  &  Steel  Co.,  Ltd.,  Coatbridge  ;  West  of  Scotland  Iron  &  Steel  Institute, 
Glasgow  ;  Whitehead,  L.  D.,  &  Co.,  Tredegar;  Whitwell,  W.,  &  Co.,  Ltd.,  Stock- 
ton-on-Tees ;  Wigan  Coal  &  Iron  Co.,  Ltd.,  Wigan  ;  Williamson,  R.,  &  Son, 
Workington  ;  Wilsons,  Pease  &  Co.,  Ltd.,  Middlesbrough  ;  Wood,  John,  &  Sons, 
Ltd.,  Wigan  ;  AVorthington  Pump  Co.,  Ltd.,  London. 

Members  of  Committee. 

R.  A.  Hadfield  ;  His  Grace  the  Duke  of  Devonshire,  K.  G.  ;  The  Rt.  Hon.  Sir 
James  Kitson,  Bart.,  M.  P.  ;  The  Rt.  Hon.  Victor  C.  W.  Cavendish,  M.  P.  ;  The 
Rt.  Hon.  Lord  Glantawe,  of  Swansea ;  Sir  John  Aird,  Bart. ,  London  ;  Sir  J.  G. 
N.  Alleyne,  Bart.  ;  Sir  Hugh  Bell,  Bart. ;  Sir  Christopher  Furness,  M.  P.,  Middles- 
brough ;  Sir  A.SealeHaslam,  Derby;  Sir  Alfred  Hickman,  Bart. ;  Sir  Joseph  Leigh, 
Didbury  ;  Sir  William  Thomas  Lewis,  Bart.,  Aberdare  ;  Sir  W.  Lloyd  Wise,  Lon- 
don ;  Sir  John  S.  Randies,  Workington  ;  Acland,  Captain  F.  E.  D.,  London  ;  Agius, 
E.  T.,  London  ;  Ainsworth,  George  ;  Allen,  W.  Edgar,  Sheffield  ;  Amos,  J.  H.  ; 
Angus,  J.,  London  ;  Appleby,  E.  G.,  London  ;  Armstrong,  W.  I.,  Hexham-on- 
Tyne  ;  Ashbury,  Thomas,  Manchester  ;  Aspinall,  J.  A.  F.,  Liverpool  ;  Astbury, 
A.  J.,  Birmingham  ;  Bagley,  Charles  J.,  Stockton-on-Tees  ;  Bagnall-Wild,  Cap- 
tain R.  K.,  London  ;  Baillie,  J.  R.,   London  ;  Bamber,   H.   Kelway,   London; 

D 


1  PROCEEDINGS    OF    THE    LONDON    MEETING. 

Barman,  H.  D.  D.,  Glasgow;  Barrowman,  James;  Bauerman,  Professor  H. ; 
Beardmore,  William ;  Beckett,  J.  H. ,  Ebbw  Vale  ;  Beesley,  W.  T. ,  Shefiaeld  ; 
Benson,  T.  W.,  Newcastle  ;  Bleckly,  W.  H.  ;  Braby,  Cyrus,  London  ;  Bright,  W., 
Gowerton  ;  Broadway,  B.  J.,  Birmingham;  Brooks,  Samuel  H. ,  Levenshulme ; 
Brophy,  Michael  M.,  London  ;  Brough,  Bennett  H.  ;  Brown,  M.  Walton  ;  Brown, 
P.  B.,  London  ;  Burnup,  J.  Morison,  London  ;  Burton,  W.,  Wigan  ;  Burtt,  W. 
H.,  Middlesbrough  ;  Bush,  George,  London  ;  Butlin,  W.  H.,  Wellingborough  ; 
Cackett,  J.  T. ,  Newcastle;  Calderwood,  James,  Middlesbrough;  Campbell, 
James,  Middlesbrough  ;  Campbell,  Thomas,  Glasgow  ;  Campion,  A. ;  Carlisle,  C. 
G.,  Sheffield  ;  Carnegie,  Andrew  ;  Carr,W.  Cochrane,  Newcastle  ;  Cawley,  George, 
London  ;  Chalas,  E.  C,  London  ;  Clark,  W.,  Glasgow  ;  Cleeves,  Frederick, 
London  ;  Commans,  R.  E.,  London  ;  Cook,  Joseph,  Alfreton  ;  Cooper,  Arthur  ; 
Cooper,  Joseph,  Jarrow-on-Tyne  ;  Cowan,  John,  Cambuslang  ;  Cowan,  John  ; 
Crawshay,  W.  T.,  Reading;  Cunningham,  P.  N.,  Mossend  ;  Custodis,  J.  C, 
London  ;  Darby,  J.  H. ,  Brymbo  ;  Davenport,  F.,  Eccles  ;  Davies,  H.,  Neath  ; 
Davies,  J.  P.,  Dowlais  ;  Davis,  E.  P.,  Ilkeston  ;  Dewrance,  John,  Chislehurst ; 
Dixon,  Walter,  Glasgow;  Downing,  N.,  Stockton-on-Tees;  Dronsfield,  W., 
Oldham  ;  Dunell,  G.  R. ,  Chiswick  ;  Ellis,  John  D.  ;  Etherington,  John,  London  ; 
Evans,  John,  Dowlais  ;  Evans,  William  ;  Finlayson,  Finlay,  Airdrie  ;  Firth, 
Ambrose,  Sheffield  ;  Firth,  William,  Leeds  ;  Flint,  Henry,  Wigan  ;  Forgie,  J. 
T.,  Glasgow  ;  Forster,  T.  E.,  Newcastle ;  Fossick,  W.  G.,  London  ;  Foster,  W.  J., 
Darlaston  ;  Fox,  E.  Marshall,  London;  Gaunt,  J.  T.,  Eaglescliffe  ;  Gaunt,  R., 
Stockton-on-Tees  ;  Gledhill,  J.  M.  ;  Gowland,  Professor  W. ,  London  ;  Gray,  G. 
Watson,  Liverpool  ;  Greiner,  A.,  Seraing  ;  Gurney,  R.  F. ,  London  ;  Harbord, 
F.  W.,  London  ;  Hartlieb,  J.  F.,  London  ;  Hatton,  George,  Brierley  Hill  ;  Hay, 
Walter  R,,  London  ;  Hayne,  W.  Crosier,  London  ;  Head,  Benjamin  W.,  London  ; 
Henderson,  James,  Frodingham  ;  Hewlett,  Alfred,  Wigan;  Hill,  W.,  Newcastle, 
StafTs.  ;  Hopkinson,  R.  A. ,  Huddersfield  ;  Horstield,  Arthur,  Horbury  ;  Horsfield, 
S.,  Consett ;  Howell,  S.  Earnshaw,  Sheffield  ;  Hoyle,  J.  Rossiter,  Sheffield  ; 
Hughes,  Colonel  Herbert,  C.M.G.,  Sheffield  ;  Hunsiker,  Colonel  Millard,  Lon- 
don ;  Hunter,  J.,  Queen's  Ferry  ;  Hunter,  W.,  Stirling  ;  Huntington,  Professor 
A.  K.,  London  ;  Jack,  A.G.M.,  Sheffield  ;  Jeans,  J.  Stephen,  London  ;  Jenkins, 
J.  G.,  Glasgow  ;  Jenkins,  Thomas,  Perry  Barr  ;  Jones,  C.  L.,  London  ;  Jordan, 
A.  J.,  Sheffield  ;  Justice,  P.  M.,  London  ;  Keen,  Arthur;  Keen, W.  B.,  London  ; 
Kirkaldy,  W.  G-,  London;  Lamberton,  Andrew  ;  Leigh,  A.  Lennox,  Frodingham; 
Lewis,  D.,  Dowlais  ;  Lewis,  David,  Gorseinon  ;  Levy,  Lewis,  London  ;  Livesey, 
James,  London  ;  Longbotham,  J.,  Sheffield  ;  Louis,  Professor  Henry,  Newcastle- 
upon-Tyne  ;  McBean,  Alex.,  Wolverhampton;  McGregor,  W.,  Airdrie;  Mac- 
kenzie, T.  B.,  Motherwell  ;  MacLaren,  C.  F. ,  Wishaw  ;  McLaren,  Walter  S.  B., 
London  ;  McNeil,  Charles,  Glasgow  ;  Malmberg,  Olof  A.,  Harrow  ;  Marley,  J. 
E.,  Hebburn-on-Tyne  ;  Martin,  E.  P. ;  Massey,  W.  H.,  Twyford  ;  Maw,  W.  H., 
London  ;  May,  Thomas,  Newcastle  ;  Mechan,  Arthur,  Glasgow  ;  Mechan,  Henry, 
Glasgow;  Melling,  J.  F.,  Sheffield  and  Leeds;  Melling,  S.,  Wigan;  Melling, 
Thomas,  Wigan  ;  Mellowes,  Frank  W.,  Sheffield  ;  Meyjes,  A.  C,  London  ;  Mid- 
dleton,  J.  T.,  London  ;  Mills,  Frederick,  Ebbw  Vale  ;  Mitchell,  G.  A.,  Glasgow, 
Mitford,  William,  Redcar;  Monks,  F.,  Warrington;  Moore,  Alfred,  London; 
Moore,  R.  T.,  Glasgow  ;  Morgan,  G.  Vaughan,  London  ;  Morgan,  P.  Vaughan, 
London  ;  Morgan,  S.  Vaughan,  London  ;  Mount-Haes,  A.,  London  ;  Muirhead, 
W.,  Glasgow  ;  Munro,  R.  D.,  Glasgow  ;  Murray,  Matthew,  London  ;  Nash, 
Thomas,  Sheffield  ;  Needham,  C.  T.,  Manchester ;  Nesbit,  D.  M.,  London  ; 
Nicholson,  H.,  Manchester;  Norris,  W.  G.,  Salop;  Page,  Davidge,  London; 
Palmer,  Henry,  Newcastle ;  Parrington,  M.  W.,  Newcastle;  Pendred,  L.,  London  ; 
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Pendred,  Vaughan,  Streatham;  Porter,  The  Hon.  R.  B. ,  London  ;  Powell,  H.  G., 
F.R.G.S.,  Wolverhampton;  Prest,  S.  F.,  London;  Preston,  G.  F.,  Sheffield; 
Price-Williams,  R.,  London  ;  Randon,  W.  J.,  Birmingham  ;  Reese,  Arnold  K., 
Llandaff;  Rennie,  Dngald,  Jr.,  Glasgow;  Renton,  B.  M.,  Sheffield;  Richards, 
E.  Windsor  ;  Riley,  James  ;  Roberts,  David  E.,  Cardiff  ;  Robertson,  Leslie  S., 
London  ;  Robinson,  F.,  London  ;  Robinson,  Mark,  London  ;  Robinson,  S.  J., 
Sheffield  ;  Rogerson,  John  E.,  Durham  ;  Rogerson,  T.  B.,  Glasgow  ;  Rollason, 
James,  Birmingham  ;  Rollin,  F.  T.,  Sheffield  ;  Rosenthal,  J.  H.,  London  ;  Row, 
O.  M.,  Manchester;  Sahlin,  Axel,  Brussels  ;  Samuel,  Herbert,  M.  P. ;  Saniter,  E. 
H.,  Rotherham  ;  Sauer,  Francis,  London  ;  Scarf,  F.,  West  Bromwich;  Schneider, 
C.  P.  E.,  Le  Creusot ;  Schultz,  George,  London;  Scott,  H.  Kilburn,  London; 
Service,  A.  G.,  Glasgow  ;  Shaw,  John,  Sheffield  ;  Simons,  William,  Stoke-on- 
Trent  ;  Simpson,  F.  R.,  Newcastle;  Skaife,  Walter,  London;  Smith,  J.  T.  ; 
Stead,  J.  E.,  F.R.S.  ;  Stoddart,  Colonel  C.  J.,  Rotherham;  Storey,  Charles  B. 
C,  Lancaster  ;  Summerson,  R.  B.,  Darlington  ;  Summerson,  S.  J.,  Darlington  ; 
Sutherland,  D.  A.,  London;  Swan,  Colonel  H.  F. ,  Prudhoe-on-Tyne  ;  Talbot, 
Benjamin,  Middlesbrough;  Tannett,  J.  C,  Paisley;  Tannett-Walker,  A.  T.  ; 
Taylor,  H.  F.,  Briton  Ferry  ;  Taylor,  J.  S.,  Birmingham  ;  Tennent,  John,  Coat- 
bridge ;  Thomas,  F.  T.,  Swansea  ;  Timms,  John,  Barrow-in-Furness  ;  Touche,  J. 
E.,  London  ;  Turnbull,  Alexander,  Glasgow  ;  Walker,  Archibald,  Glasgow ; 
Webb,  Henry,  Bury ;  Westgarth,  Tom,  Middlesbrough ;  While,  J.  M.  ;  Whitwell, 
William;  Widdowson,  John  H.,  Manchester;  Willey,  G.  B.,  Sheffield;  Wil- 
liams, Illtyd  ;  Wood,  R.  N.,  Newcastle,  Staffs.  ;  Worsdell,  Wilson,  Gateshead-on- 
Tyne ;  W'ragg,  John  D.,  Burton-on-Trent  ;  Wright,  Colonel  J.  E.,  Swansea; 
Wylie,  William,  Coatbridge  ;  Young,  Septimus,  London. 

London  Reception  Committee. 

The  Right  Honorable  The  Lord  Mayor  of  London  (Alderman  Sir  W.  Vaughan 
Morgan,  Bart.)  {President),  R.  A.  Hadfield  {Chairman),  Sir  W^.  Lloyd  Wise 
(  Vice-Chairman),  Bennett  H.  Brough  {Secretary),  Professor  H.  Bauerman,  P.  B. 
Brown,  Professor  W.  Gowland,  F.  W.  Harbord,  A.  C.  Meyjes,  Matthew  Murray, 
L.  Pendred,  Septimus  Young. 

Tees-Side  Reception  Committee. 
Executive  Committee. 

Sir  Hugh  Bell,  Bart.  ( Chairman),  Mr.  Arthur  Cooper,  Mr.  James  Riley,  Mr.  J. 
E.  Stead,  Mr.  Tom  Westgarth,  Mr.  William  Whitwell,  Mr.  Illtyd  Williams,  Mr. 
John  H.  Amos  {Honorary  Secretary). 

Ladies'  Committee. 

Lady  Bell,  Lady  Ropner,  Lady  Sadler,  Lady  Wrightson,  Mrs.  John  H.  Amos, 
Mrs.  Arthur  Cooper,  Mrs.  A.  J.  Dorman,  Mrs.  John  Hedley,  Mrs.  James  Riley, 
Mrs.  J.  E.  Stead,  Mrs.  T.  Westgarth,  Mrs.  Illtyd  Williams,  Miss  Hedley,  Miss 
Gilzean  Reid,  Miss  Whitwell. 

Patrons. 

Anderston  Foundry  Co.,  Ltd.,  Middlesbrough  ;  Bell,  Sir  Hugh,  Bart.,  Middles- 
brough ;  Bagley,  C.  J.,  Stockton-on-Tees  ;  Bell  Brothers,  Ltd.,  Middlesbrough  ; 
Bolckow,  Vaughan  &  Co.,  Ltd.,  Middlesbrough  ;  Byrne,  James,  &  Co.,  Middles- 
brough ;  Burtt,  C.  H.,  Middlesbrough  ;  Cooper,  Arthur,  Middlesbrough  ;  Camp- 
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bell,  James,  Middlesbrough  ;  Calderwood,  James,  Middlesbrough  ;  Cargo  Fleet 
Iron  Co.,  Ltd.,  Middlesbrough  ;  Cochrane  &  Co.,  Ltd.,  Middlesbrough  ;  Craggs, 
E. ,  &  Sons,  Ltd.,  Middlesbrough  ;  Downing,  N.,  Stockton-on-Tees ;  Dorman,  Long 
&  Co.,  Ltd.,  Middlesbrough;  Gaunt,  E.,  Stockton-on-Tees  ;  Gaunt,  J.  T.,  Eagles- 
cliffe  ;  Gjers,  Mills  &  Co.,  Ltd.,  Middlesbrough  ;  Head,  Wrightson  &  Co.,  Ltd., 
Thornaby-on-Tees;  Hopper,  John  I.,  Ltd.,  Thomaby-on-Tees;  Hill,  John,  &  Co., 
Middlesbrough;  Harkness,  W.,  &  Son,  Ltd.,  Middlesbrough;  Linthorpe-Dins- 
dale  Smelting  Co.,  Ltd.,  Middlesbrough;  Mitford,  Wm.,  Coatham ;  Nor- 
manby  Iron  "Works  Co.,  Ltd.,  Middlesbrough  ;  North-Eastern  Steel  Co.,  Ltd.,  Mid- 
dlesbrough ;  Pease  A  Partners,  Ltd.,  Darlington  ;  Pickerings,  Ltd.,  Stockton-on- 
Tees  ;  Eichardsons,  "Westgarth  &  Co.,  Middlesbrough  ;  Eidley,  T.  D.,  &  Son, 
Middlesbrough  ;  Eitchie,  James  &  Eonald,  Ltd.,  Middlesbrough  ;  Eichardson, 
Duck  &  Co.,  Thornaby-on-Tees;  Eichmond  Iron  &  Steel  Co.  (James  Eiley), 
Stockton-on-Tees ;  Stead,  John  E.,  Middlesbrough  ;  Samuel,  Herbert,  M.P. 
(Under  Secretary  of  State  for  Home  Affairs),  London  ;  Summerson,  S.  J.,  Dar- 
lington ;  Summerson,  E.  B.,  Darlington  ;  South  Durham  Steel  &  Iron  Co.,  Ltd., 
Stockton-on-Tees  ;  Samuelson,  Sir  B.,  &  Co.,  Ltd.,  Middlesbrough  ;  Shaw,  W.,  & 
Co.,  Middlesbrough;  Swan  Brothers,  Middlesbrough;  Seaton  Carew  Iron  Co.,  Ltd., 
Seaton  Carew;  Skinningrove  Iron  Co.,  Ltd.,  Carlin  How;  Talbot,  Benjamin, 
Middlesbrough  ;  Tees-Side  Bridge  &  Engineering  Works,  Ltd.,  Middlesbrough; 
The  Talbot  Continuous  Steel  Process,  Ltd.,  Middlesbrough;  Whitwell,  Wm.,  Salt- 
burn -by-the- Sea;  Westgarth,  Tom,  Middlesbrough  ;  Williams,  Illtyd,  Middles- 
brough; Whitwell,  Wm.,  &  Co.,  Ltd.,  Thornaby-on-Tees;  Wilsons,  Pease  &  Co., 
Ltd.,  Middlesbrough;  Watson,  James,  &  Co.,  Middlesbrough;  Watson,  W.  J.,  & 
Co.,  Middlesbrough;  Warren,  Beattie  &  Co.,  Ltd.,  Middlesbrough. 

3fembers. 

Anderson,  William,  Stockton-on-Tees  ;  Anderson,  Eobert,  Stockton-on-Tees; 
Archer,  C  J.,  Yarm-on-Tees  ;  Bolckow,  Carl  F.  H.,  Marton;  Brown,  Frank 
(Mayor  of  Stockton),  Stockton-on-Tees;  Bagley,  C.  J.,  Stockton-on-Tees;  Bell, 
Captain  Maurice,  Middlesbrough  ;  Belk,  Major  Tom,  Middlesbrough  ;  Byrne, 
James,  Middlesbrough  ;  Burton,  J.  .J.,  Middlesbrough  ;  Bowes,  Frederick,  Mid- 
dlesbrough; Blair,  P.  A.  F.,  Stockton-on-Tees  ;  Crooke,  Walter,  Middlesbrough  ; 
Clarke,  G.  J.,  C.E.,  Middlesbrough  ;  Cooper,  A.  H.,  Middlesbrough  ;  Cooper, 
Frank  W.,  Middlesbrough  ;  Cooper,  Percy  S.  J.,  Middlesbrough  ;  Constantine, 
Joseph,  Middlesbrough;  Charlton,  W.,  Middlesbrough;  Coleman,  C.  J.,  Middles- 
brough; Craggs,  W.  C,  Middlesbrough  ;  Craggs,  E.  Hall,  Middlesbrough;  Coch- 
rane, Alfred  O.,  Middlesbrough  ;  Callum,  J.,  Middlesbrough;  Campbell,  James, 
Middlesbrough ;  Dixon,  Waynman,  Middlesbrough  ;  Dixon,  Harald,  Middles- 
brough ;  Dawson,  Edward,  Middlesbrough  ;  Dent,  T.  E.  (Mayor  of  Middlesbrough), 
Middlesbrough;  Dorman,  A.  J.,  Nunthorpe  ;  Dcrman,  Charles,  Middlesbrough; 
Furness,  Sir  Christopher,  M.P.,  Eipon;  Fawcett,  T.  G.,  Yarm-on-Tes;  Forbes, 
John,  Middlesbrough  ;  Fothergill,  J.  E.,  Stockton-on-Tees  ;  Gjers,  Lawrence  F., 
Middlesbrough  ;  Hopkins,  W.  E.  I.,  Bolton  Percy;  Hedley,  Dr.  John,  Middles- 
brough; Hawdon,  Colonel  W.,  Middlesbrough;  Hutchence,  W.  A.,  Middlesbrough; 
Hurst,  T. ,  Middlesbrough  ;  Head,  Charles  Arthur,  Stockton-on-Tees;  Harrison, 
John,  Stockton-on-Tees;  Hill,  Tom,  Middlesbrough;  Hill,  J.  N.,  Middlesbrough; 
Hill,  Frank,  Middlesbrough  ;  Hopper,  John  I.,  Thornaby-on-Tees;  Harkness,  W., 
Middlesbrough;  Hutchinson,  T.  C. ,  Carlin  How;  Hutchinson,  Alfred,  Carlin 
How;  Johnson,  Major  Walter,  Middlesbrough;  Jones,  Greville  T. ,  Middles- 
brough ;  Lennard,  J.  M.,  Middlesbrough  ;  Littleboy,  C.  W.,  Thornaby-on-Tees  ; 
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McBain,  F.,  Middlesbrough  ;  MacLellan,  John,  Middlesbrough  ;  Mosscrop, 
Alfred  M.,  Middlesbrough;  McKinlay,  Alex.,  Middlesbrough;  Peat,  W.  B., 
London;  Pease,  John  H.,  Middlesbrough;  Pease,  Ed.  Lloyd,  Darlington;  Pease, 
Claud  E.,  Middlesbrough;  Pease,  Arthur  F.,  Middlesbrough;  Pickering,  J. 
Warley,  Middlesbrough  ;  Panton,  W.  H.,  Middlesbrough  ;  Parrington,  H.  J., 
Middlesbrough;  Palmer,  Sir  Charles  Mark,  Bart.,  M.P.,  Loftus;  Pepper,  Wm., 
Stockton-on-Tees;  Ropner,  Sir  Eobert,  Bart.,  M.P.,  Stockton-on-Tees;  Eeid,  Sir 
Hugh  Gilzean,  D.L.,  LL.D.,  London;  Ridge,  H.  M.,  London;  Richards,  Arthur 
W.,  Middlesbrough;  Ritchie,  James,  Middlesbrough;  Ridley,  T.  W.,  Middles- 
brough ;  Richardson,  Edwin  B. ,  Thornaby-on-Tees;  Riley,  James  L.,  Stockton- 
on-Tees  ;  Riley,  Charles  A.,  Stockton-on-Tees  ;  Sadler,  Sir  Samuel  A.,  Middles- 
brough ;  Sadler,  Stanley  A.,  Middlesbrough;  Storr,  W.  W.,  Middlesbrough; 
Sheppard,  C.  W.,  Middlesbrough  ;  Scoby-Smith,  G.,  Middlesbrough  ;  Stubbs,  J. 
R.,  Middlesbrough  ;  Samuel,  Herbert,  M.P.  (Under  Secretary  of  State  for  Home 
Affairs),  London  ;  Sockett,  Alfred,  Middlesbrough  ;  Samuelson,  F.  A.  E.,  Mid- 
dlesbrough ;  Sheridan,  M.  J.,  Middlesbrough;  Swanker,  J.  E.,  Middlesbrough; 
Swan,  Herbert  A.,  Middlesbrough  ;  Shaw,  H.  A.,  Middlesbrough  ;  Sladden,  Ar- 
thur, Stockton-on-Tees ;  Talbot,  Benjamin,  Middlesbrough  ;  Taylor,  Herbert 
(Mayor  of  Thornaby),  Thornaby-on-Tees;  Templer,  His  Honor  Judge,  Eagles- 
cliffe;  Twynam,  T. ,  Middlesbrough;  Thomlinson,  W.,  Seaton  ;  Wrightson,  Sir 
Thomas,  Bart.,  Thornaby-on-Tees;  Wrightson,  T.  G.,  Thornaby-on-Tees;  Whit- 
well,  G.  C,  Thornaby-on-Tees;  Whitwell,  W.  F.,  Thornaby-on-Tees;  Wilson, 
John  F.,  Middlesbrough  ;  Westgarth,  G.,  Middlesbrough;  Wilson,  R.Theodore, 
Middlesbrough;  Williams,  Henry,  Middlesbrough;  Watson,  W.  J.,  Middles- 
brough ;  Warren,  J.  W.  F.,  Middlesbrough  ;  Walton,  Joseph,  M.P.,  Middles- 
brough; Wilson,  J.  H.,  M.P.,  Middlesbrough  ;  Walker,  W.  E.,  Middlesbrough; 
Walker,  W.  E.,  Jr.,  Middlesbrough;  Winter,  G.  Douglas,  Middlesbrough. 

IsTewcastle-upon-Tyne  Reception  Committee. 

The  Right  Honorable  The  Lord  Mayor  of  Newcastle-upon-Tyne  (Alderman  Sir 
J.  Baxter  Ellis),  The  Sheriff  of  Newcastle-upon-Tyne  (Councillor  .Johnstone 
Wallace),  President  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  (T.  W.  Benson),  Charles  A.  Harrison,  C.  S.  Swan,  John  Tweedy,  Ivan 
C.  Barling,  T.  E.  Foster,  M.  W.  Parrington,  J.  J.  Prest,  F.  R.  Simpson,  Right 
Honorable  Lord  Armstrong,  J.  P.  Gibson. 

Glasgow  Reception  Committee. 

(The  West  of  Scotland  Mining  Institute  and  the  Mining  Institute  of  Scotland), 
A.  Lamberton  {Chairman),  Andrew  Campion  (Secretary),  Robert  T.  Moore,  J.  G. 
Jenkins,  W.  Clark,  T.  B.  Rogerson,  Walter  Dixon,  G.  A.  Mitchell,  J.  T.  For- 
gie,  H.  D.  D.  Barman,  R.  D.  Munro. 

Edinburgh  Reception  Committee. 

John  Cowan  {Chairman). 

Stewards  of  the  Provincial  Tour. 

Professor  H.  Bauerman,  W.  F.  Cheesewright  (and  Mrs.  Cheesewright),  D.  A. 
Louis,  A.  C.  Meyjes,  L.  Pendred  (and  Mrs.  Pendred),  Hubert  S.  Thomas  (and 
Mrs.  Thomas). 
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This  joint  meeting  originated  in  a  cordial  invitation  extended 
by  the  Council  of  the  Iron  and  Steel  Institute,  and  accepted 
with  enthusiasm  by  the  Council  of  the  American  Institute  of 
Mining  Engineers.  Earnest  invitations  were  afterwards  re- 
ceived from  other  societies ;  and  the  Institution  of  Civil  Engi- 
neers, the  Institution  of  Mining  and  Metallurgy,  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  the 
West  of  Scotland  Iron  and  Steel  Institute  and  the  Mining  In- 
stitute of  Scotland  co-operated  heartily  in  the  programme  of 
the  Iron  and  Steel  Institute,  as  the  following  pages  will  show. 
Moreover,  the  Institute  of  Mechanical  Engineers  entertained  a 
considerable  number  of  guests  at  it's  meeting  held  July  31- 
August  3,  at  Cardiff,  Wales.  And  finally,  the  Society  of  Ger- 
man Ironmasters  organized  and  conducted  a  supplementary 
visit  to  Germany. 

Under  a  mutual  agreement  between  the  Councils  of  the 
American  Institute  of  Mining  Engineers  and  the  Iron  and  Steel 
Institute,  it  was  decided  to  hold  three  sessions  at  this  meeting: 
the  first  to  be  a  session  of  the  Iron  and  Steel  Institute,  the  sec- 
ond, a  session  of  the  American  Institute  of  Mining  Engineers, 
and  the  third,  a  joint  session  of  both  Institutes. 

This  agreement  provided  further  that  each  of  the  two  socie- 
ties should  be  free  to  publish  such  papers  and  discussions,  pre- 
sented at  either  of  the  sessions,  as  it  should  deem  desirable. 
In  accordance  with  this  understanding,  certain  papers  pre- 
sented to  the  Iron  and  Steel  Institute  have  been  published  in 
the  Bi-Monthly  Bulletin  of  this  Institute;  and  some  of  the  most 
important  are  also  included  in  this  volume.  For  the  text 
of  papers  not  thus  reprinted  by  this  Institute,  members  are 
referred  to  the  Journal  of  the  Iron  and  Steel  Institute. 

The  first  session,  being  a  session  of  the  Iron  and  Steel  Insti- 
tute, was  held  in  the  Hall  of  the  Institution  of  Civil  Engineers, 
12  Great  George  Street,  Tuesday,  July  24,  at  10  a.m.,  President 
Hadfield  presiding. 

Addresses  of  welcome  were  delivered  by  President  Hadfield 
and  by  Sir  James  Kitson,*  senior  past-President  of  the  Iron 
and  Steel  Institute,  to  which  President  Hunt,  of  the  American 
Institute  of  Mining  Engineers,  made  an  appropriate  reply. f 

*  Bi-Monthly  Bulletin,  No.  12,  November,  1906,  pp.  816-824. 
t  Id.,  pp.  824-825. 
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A  Diploma  of  Honorary  Membership  in  the  Iron  and  Steel 
Institute  was  presented  by  President  Hadfield  to  Professor 
Ehrenwerth,  of  Leoben,  Austria. 

The  second  session,  being  a  session  of  the  American  Institute 
of  Mining  Engineers,  was  held  at  the  same  place,  Wednesday, 
July  25,  at  10.30  a.m..  President  Hunt  presiding.  Mr.  Hunt 
delivered  the  following  address  : 

President  Hunt's  Address. 

While  the  actual  dates  of  the  organization  of  the  American 
Institute  of  Mining  Engineers  and  the  introduction  into  Amer- 
ica of  the  Bessemer  process  were  not  exactly  identical,  at  the 
same  time  they  were  so  close  together  that  their  histories  have 
run  largely  parallel.  Therefore  it  seems  to  me  to  be  fitting 
upon  the  occasion  of  our  holding  this  meeting  in  England,  the 
birthplace  of  the  Bessemer  process,  to  give  some  account  of  its 
progress  in  America. 

Unless  inspiration  is  vouchsafed,  prophecy  is  a  very  danger- 
ous venture,  and  probably  in  no  sphere  has  that  danger  been 
more  clearly  defined  than  in  relation  to  the  iron  and  steel  in- 
dustry. So  frequently  has  it  seemed  as  though  the  summit  of 
all  possible  achievements  had  been  reached,  that  the  most 
astute  minds  have  ventured  to  assert  this  conclusion.  Again, 
physical  conditions  have  apparently  been  so  clearly  unalterable 
that  deductions  as  to  the  possible  and  impossible  have  seemed 
safe.  This  has  been  notably  the  case  in  America.  It  will  be 
recalled  that  in  the  'seventies  a  distinguished  iron  metallurgist, 
and  a  gentleman  whom  it  has  been  the  pride  of  both  hemi- 
spheres to  honor,  visited  America  and  carefully  studied  the  iron 
and  steel  situation,  with  the  result  that  he  unhesitatingly  pro- 
claimed that  the  development  of  her  possible  production  of  iron, 
and  her  influence  in  the  markets  of  the  world,  were  plainly 
limited  by  geographical  conditions  to  such  an  extent  that  the 
old  world  need  not  fear  her  rivalry.  When  this  prophecy  was 
made  it  seemed  to  be  absolutely  logical,  and  based  upon  con- 
ditions which  could  not  be  altered  or  overcome.  Indeed,  he 
gave  actual  figures  showing  that  the  transportation  distances 
were  so  great  over  which  it  would  be  necessary  to  bring  iron- 
ore  and  the  fuel  to  smelt  it  to  ^a  common  point,  and  then  after 


Ivi  PROCEEDINGS    OF    THE    LONDON    MEETING. 

its  reduction  the  transportation  of  the  products  to  market 
would  again  cover  such  distances,  that  it  was  impossible  for 
successful  commercial  competition  to  be  created.  At  that 
time  the  statement  that  iron-ore  could  be  transported  over 
one  hundred  miles  of  railway  and  eight  hundred  of  water 
and  placed  at  the  then  and  now  very  center  of  the  American 
iron  industry  at  a  cost  of  $2.40  per  ton,  would  have  been  re- 
ceived as  the  wildest  lunacy.  That  has  all  been  accomplished, 
and  instead  of  having  brought  disastrous  results  to  the  trans- 
portation interests,  it  has,  on  the  contrary,  yielded  such  profits 
that  they  have  been  built  up  to  colossal  proportions.  And  the 
finished  product  can  be  placed  at  the  seaboard  for  foreign  mar- 
kets at  transportation-cost  little,  if  any,  greater  than  is  required 
for  internal  transportation  in  many  European  countries. 

These  low  carrying-charges  have  been  co-relative  with  a  tre- 
mendous ore  development  in  the  Lake  Superior  region,  which 
has  steadily  increased  until  in  1905  there  were  taken  from 
there  34,353,456  gross  tons.  While  there  still  remain  many 
proved  millions  of  tons  of  ore,  it  is  recognized  that  such  a  pro- 
duction cannot  be  indefinitely  maintained.  This  condition  is 
leading  to  increased  interest  being  taken  in  the  other  ore  sec- 
tions, some  of  which,  while  well  known,  have  been  unworked, 
either  because  of  location  or  of  comparatively  low  iron-percent- 
age of  the  ore.  The  mineral  resources  of  the  Southern  States 
impressed  Sir  Lowthian  Bell,  when  he  was  investigating  iron- 
ore  conditions,  and  he  predicted  a  prosperous  future  in  that 
region.  For  some  years  it  seemed  as  though  such  hopes  were 
doomed  to  disappointment ;  but  there  is  no  longer  any  doubt 
of  the  wisdom  of  the  prediction.  In  1880  the  pig-iron  produc- 
tion of  all  the  Southern  States  was  387,000  gross  tons.  In 
1905  it  was  about  3,100,000  gross  tons.  At  the  same  time,  it 
has  not  been  in  iron  alone  that  the  South  has  grown  during 
the  past  twenty-five  years.  In  1880  there  was  invested  in 
cotton-mills  about  $21,000,000.  In  1905  it  had  increased  to 
$225,000,000.  During  the  same  period  the  capital  invested 
in  the  Southern  States  in  all  kinds  of  manufactures  increased 
from  $257,000,000  to  $1,500,000,000. 

As  might  be  expected,  with  this  great  revolution  in  cost 
of  transportation  there  has  also  come  a  revolution  in  selling- 
prices. 
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While  the  political  policy  of  the  United  States  has  tended  to 
maintain  a  higher  range  of  prices  than  would  probably  have 
prevailed  under  other  conditions,  at  the  same  time  it  is  true 
that,  during  a  time  of  severe  business  depression,  steel  rails 
were  made  from  ore  mined  at  the  head  of  Lake  Superior, 
smelted  with  coke  from  Pennsylvania  coal,  transported  about 
500  miles  to  Chicago,  and  there  sold,  delivered,  at  $15  per 
gross  ton,  and  at  that  price,  under  the  then-existing  conditions, 
were  within  the  cost  of  manufacture. 

It  is  most  earnestly  to  be  hoped  that  such  times  may  not  re- 
turn, but  if,  under  pressure,  that  could  be  accomplished  some 
years  ago,  there  is  no  reason  to  suppose  that  under  similar 
stress  the  history  could  not  be  repeated.  I  mention  this  inci- 
dent merely  as  a  matter  of  record. 

It  will  be  recalled  that  the  first  heat  of  Bessemer  steel  made 
in  America  was  produced  in  an  experimental  plant  in  Wyan- 
dotte, Mich.,  in  the  autumn  of  1864,  and  that  the  first  com- 
mercial rolling  of  steel  rails  was  in  the  mills  of  the  Cambria 
Iron  Co.,  at  Johnstown,  Pa.,  in  August,  1867,  from  steel  made 
by  the  Pennsylvania  Steel  Co.,  at  Steelton,  Pa.  The  develop- 
ment of  the  business  was  very  rapid,  but  not  always  attended 
with  profitable  results. 

In  June,  1876,  there  were  ten  rail-mills  in  operation,  and  an 
eleventh  nearly  ready  to  start.  At  that  time  one  Bessemer  com- 
pany had  already  gone  to  the  wall.  One  of  these  ten  companies, 
as  well  as  the  eleventh,  and  their  works,  have  absolutely  gone 
out  of  existence.  In  fact,  but  five  of  them  are  now  making  rails. 
One  of  these  has  but  a  limited  production  in  that  department, 
and  the  other  four  are  making  their  rails  in  mills  not  then  in 
existence,  and  in  one  case  in  a  mill  hundreds  of  miles  away.  It 
is  also  true  that  three  of  the  then-separate  corporations  have 
since  been  consolidated  under  a  new  title  into  one,  which,  with 
its  new  mill,  is  enumerated  in  the  existing  five;  and  this  mill 
is  situated  some  miles  from  the  location  of  either  of  the  original 
ones.  Two  of  the  other  companies,  while  actively  at  work  in 
other  lines,  have  ceased  making  rails. 

Since  1876,  in  addition  to  those  already  mentioned,  seven- 
teen corporations  have  erected  mills  to  roll  standard-weight 
steel  rails,  thirteen  from  steel  of  their  own  manufacture,  and 
four  from  purchased  blooms.     Seven  of  the  steel  producers  are 
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now  making  rails,  two  are  on  other  products,  and  the  remain- 
ing eight  have  gone  out  of  existence,  so  that  there  are  now  in 
the  United  States  ten  corporations  running  thirteen  rail-mills. 
Of  these,  one  company  is  rolling  its  rails  from  basic  open-hearth 
steel;  and  another  one  from  either  that  or  Bessemer.  I  only 
refer  to  mills  rolling  rails  of  60  lb,  and  over  per  yard. 

Three  of  the  companies  are  controlled  by  one  parent  cor- 
poration ;  three  others  by  another,  and  two  others  by  still 
another;  thus  leaving  two  single  and  independent  concerns. 
In  addition,  the  building  of  another  mill  of  large  capacity,  to 
roll  basic  open-hearth  rails,  with  the  required  blast-furnaces, 
steel  furnaces,  and  town,  is  actively  under  way;  this  being 
done  by  one  of  the  subsidiary  companies  of  the  United  States 
Steel  Corporation.  The  contemplated  expenditure  will  amount 
to  about  $50,000,000. 

In  1876  Canada  did  not  possess  a  steel-rail  mill  of  any  kind. 
To-day  there  are  two,  situated  about  1,500  miles  apart,  one 
practically  on  the  shores  of  the  Atlantic,  and  the  other  at  the 
foot  of  Lake  Superior.  They  naturally  depend  upon  distinctly 
different  sources  for  their  supply  of  ore,  fuel,  etc.  The  Eastern 
works  are  producing  basic  open-hearth  rails  from  iron  made  in 
their  own  blast-furnaces  from  near-by  ores  and  fuel.  The 
Western  one  is  so  far  depending  upon  the  Bessemer  process, 
but  has  one  basic  open-hearth  furnace  about  completed.  As 
yet,  the  ores  used  by  it  are  from  Lake  Superior  deposits  located 
in  the  United  States,  and  the  coal  and  coke  are  brought  from 
the  States  of  Ohio,  Pennsylvania,  and  Virginia.  That  this  is 
at  all  possible,  well  illustrates  how  low  transportation-charges 
have  been  brought.  One  of  the  two  blast-furnaces  of  this  estab- 
lishment is  run  on  American  ores  and  Canadian  charcoal,  and 
is  making  a  record  production.  Both  works  are  operating  suc- 
cessfully, and  enjoying  bounties  from  the  Canadian  Govern- 
ment, but  as  yet  their  production  is  not  equal  to  the  immediate 
demands  of  the  Dominion. 

While  few  words  have  been  required  to  tell  of  the  various 
changes  named  above,  the  attendant  incidents  have  been  start- 
ling and  the  results  tremendous.  In  ten  cases  absolutely  new 
communities  have  been  organized,  and  these  have  grown  to 
embrace  thousands  of  people. 

While  I  have  not  the  actual  tonnage  of  the  rail-production 
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of  the  several  works  in  the  earlier  days,  I  have  some  of  the 
records  of  their  ingot-output,  and  as  at  that  time  rails  were 
practically  their  only  finished  product,  a  comparative  idea  can 
be  formed.  Moreover,  we  do  know  the  total  rail-production 
of  the  country  for  the  various  years. 

In  a  paper  presented  to  the  American  Institute  of  Mining 
Engineers  in  1876,^  in  which  my  patriotism  sought  vent  in 
words,  I  pointed  out  some  of  the  salient  improvements  in  the 
mechanical  details  of  American  Bessemer  plants  which  had 
made  possible  the  then  great  increase  in  their  production,  and 
rightfully  credited  most  of  them  to  Alexander  L.  Holley,  while 
at  the  same  time  giving  what  seemed  to  me  due  credit  to  others 
who  up  to  that  time  had  been  prominent  in  the  business. 

It  is  a  well-known  matter  of  history  that  ^Ir.  Holley  was  the 
first  one  to  bring  to  America  the  Bessemer  process  in  what  I 
may  call  an  organized  condition,  and  that  after  several  years 
of  legal  skirmishing  a  consolidation  of  the  patent  interests  in- 
volved was  effected,  following  which  the  erection  of  works  to 
make  steel  by  that  process  was  quite  rapid,  and,  with  the  ex- 
ception of  three,  Holley  acted  as  consulting  engineer  during 
their  construction,  and  in  fact  during  their  subsequent  opera- 
tion, this  connection  lasting  until  his  death  in  1882.  Two  of 
the  works  with  which  he  was  not  connected  made  disastrous 
financial  failures,  and  while  the  other  one  was  successful,  it 
never  ranked  with  several  of  its  rivals  in  the  matter  of  volume 
of  output.  So  it  was  that  Alexander  L.  Holley's  personality 
was  indelibly  stamped  upon  American  Bessemer-steel  making. 
Fortunately,  his  efforts  were  joined  by  those  of  a  number  of 
exceptionally  capable  men.  The  names  of  Holley,  John  Fritz, 
George  Fritz,  William  R.  Jones,  Daniel  L.  Jones,  and  Robert 
Forsyth  furnish  a  galaxy  of  talent  which  makes  plain  why 
America  so  soon  forged  to  the  front  in  Bessemer-steel  produc- 
tion. 

It  will  be  recalled  by  the  older  of  my  foreign  hearers  that 
in  his  capacity  of  consulting  engineer  to  the  American  Besse- 
mer manufacturers,  Holley  made  at  least  yearly  visits  to  Europe, 
where,  largely  by  reason  of  his  charming  and  lovable  person- 
ality, he  received  free  access  to  practically  all  steel-works,  and 

1  Trans.,  v.,  201  to  216  (1876-77). 
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it  was  well  understood  by  his  hosts  that  he  was  seeking  infor- 
mation to  be  used  by  his  American  clients.  It  was  also  known 
that,  on  the  other  hand,  he  was  ready  to  give  freely  in  return 
the  best  he  had.  Holley  was  peculiarly  fitted  for  this  post. 
The  information  he  gained  by  observation  was  not  used  in  mere 
copying,  but  rather  served  as  a  basis  on  which  to  build.  The 
freedom  of  his  mind  from  prejudice  was  well  shown  by  his 
position  toward  the  open-hearth  processes,  both  acid  and  basic. 
Holley,  in  spite  of  his  belief  in  and  devotion  to  the  Bessemer 
process,  strongly  urged  upon  his  American  clients  the  claims 
of  the  others ;  and  it  is  historical  that  on  the  occasion  of  one  of 
the  Institute's  meetings,  when  jokingly  reminded  by  some  of 
his  Bessemer  associates  that  it  seemed  strange  for  such  advo- 
cacy to  emanate  from  him,  he  replied :  "  You  may  think  me 
crazy,  but  I  believe  that  some  of  you  will  live  to  see  the  open- 
hearth  process  attend  the  funeral  of  the  American  Bessemer." 
The  death  has  not  yet  occurred,  and  alas !  he  and  many  of  his 
listeners  have  passed  away,  but  some  still  live  and  know  that 
some  members  of  the  American  Bessemer  family  have  at  least 
begun  to  realize  that  the  limitation  of  production  by  that  pro- 
cess has  been  reached. 

In  m}^  paper  before  mentioned  I  called  attention  to  the  in- 
vention by  Mr.  George  Fritz,  then  chief  engineer  of  the  Cam- 
bria Iron  Co.,  Johnstown,  Pa.,  of  the  blooming-mill  on  which 
to  roll  steel  ingots  to  blooms  instead  of  reducing  them  by  ham- 
mering, as  had  been  the  practice.  This  was  first  accomplished 
in  1867  on  a  modified  rail-train  of  rolls.  Mr.  Fritz  built  his 
first  regular  three-high  blooming-mill  in  1871.  This  departure 
from  the  old  practice,  added  to  Holley's  modified  converting- 
plants,  greatly  helped  to  increase  production. 

At  the  time  of  my  Philadelphia  paper,  June,  1876,  the  Bes- 
semer plant  of  the  North  Chicago  Rolling-Mill  Co.,  built  from 
Holley's  plans,  and  then  under  the  charge  of  Mr.  Robert  For- 
syth, held  the  record  for  a  month's  production  of  ingots  at  6,457 
gross  tons.  During  the  year  1876,  there  were  made  in  the 
whole  United  States  469,639  gross  tons  of  Bessemer  ingots, 
from  which  368,299  gross  tons  of  rails  were  made,  selling  at  an 
average  price  of  $59.25  per  ton  with  gold  at  $1.10. 

There  was  a  constant  increase  in  production  until  1887,  when 
that  of  ingots  reached  2,936,035  tons  and  rails  2,101,904  tons; 
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the  latter  sold  at  an  average  price  of  $37.08  per  ton,  with  cur- 
rency at  par.  The  year  1887  was  one  of  unparalleled  railroad- 
building  in  the  United  States,  followed  by  a  period  of  reaction, 
with  the  result  that  while  the  output  of  ingots  kept  up,  that  of 
rails  fell  off,  and  it  was  not  until  1899  that  the  rail-production 
again  passed  the  two-million-ton  point.  In  that  year  there  were 
turned  out  7,586,354  tons  of  Bessemer  ingots,  2,947,316  tons  of 
open-hearth  ingots,  and  2,270,585  tons  of  rails,  all  of  Bessemer 
steel,  the  latter  selling  for  an  average  price  of  $28.12  per  ton. 
Following  that  year  there  was  a  continued  increase  in  the  out- 
put of  open-hearth  steel,  while  that  of  Bessemer  remained  more 
nearly  constant;  until  in  1905  there  were  made  10,919,272  gross 
tons  of  Bessemer  ingots,  8,444,836  gross  tons  of  open-hearth 
ingots,  and  3,375,611  gross  tons  of  rails,  183,264  tons  of  which 
were  of  basic  open-hearth  steel.  The  rails  were  practically  all 
sold  at  a  uniform  price  of  $28  per  ton,  which  has  been  the 
standard  price  since,  and  including,  1902. 

I  have  referred  to  the  changes  which  have  taken  place  in  the 
organizations  of  steel  companies  and  the  location  of  their  plants, 
and  I  have  stated  that  the  i^Torth  Chicago  Rolling-Mill  Co.  held 
the  monthly  record  for  product  of  Bessemer  ingots  in  1876. 
In  1882  this  company  built  an  entirely  new  Bessemer  and  rail 
plant  at  South  Chicago,  about  fifteen  miles  away  from  its  old 
one.  The  converting-works  were  designed  and  erected  by  Mr. 
Robert  Forsyth.  In  1889  these  works  were  included  in  the 
consolidation  forming  the  Illinois  Steel  Co.  Later  the  North 
Chicago  plant  was  dismantled.  At  first  the  new  rail-mill  was 
a  reversing  one,  but  following  its  acquisition  by  the  new  com- 
pany Mr.  Forsyth,  who,  after  an  interim  of  several  years,  then 
returned  to  the  management,  entirely  remodeled  it  by  putting 
in  a  three-high  mill  with  automatic  tables.  There  have  been 
changes  in  the  management  and  additions  to  the  plant  since 
then,  but,  fundamentally,  the  converting-works  and  mill  are 
the  same,  and  their  record  production  is  91,424  gross  tons  of 
ingots  and  71,424  gross  tons  of  rails  in  a  month.  All  of  these 
rails  were  rolled  on  one  rail-mill.  It  consists  of  three  sets  of 
rolls,  beside  the  blooming-train,  set  in  echelon,  but  making  one 
mill,  all  the  steel  being  reduced  through  the  same  passes  in 
the  rolls. 

In  1886  the  rail-mill  of  the  Edgar  Thomson  Works  had  been 
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doing  great  work,  but  it  was  being  pressed  in  output  by  other 
mills,  and  Mr.  Andrew  Carnegie  then,  as  on  many  other  occa- 
sions, displayed  his  acute  business  acumen,  and  directed  Cap- 
tainWm.  R,  Jones,  manager  of  the  works,  to  prepare  plans  for  the 
very  best  rail-mill  he  knew  how  to  design.  Captain  Jones,  in  one 
of  our  many  intimate  talks,  told  me  that  some  time  afterwards 
Mr.  Carnegie  asked  him  how  he  was  progressing  with  his  plans, 
and,  on  his  reporting,  asked  how  much  the  mill  would  cost. 
The  Captain  replied  that  he  could  not  then  tell.  Mr.  Carnegie 
said,  "  Well,  but  we  must  place  some  limit  on  its  cost !  "  Jones 
answered,  "  You  told  me  to  design  the  very  best  mill  in  my 
power  ;  now  if  I  am  to  be  limited  by  the  cost-sheet  in  so  doing, 
I  must  give  up  the  job."  Mr.  Carnegie  then  asked,  "  But  if 
we  build  such  a  mill,  how  much  will  you  promise  to  increase  its 
production  over  the  present  one,  and  how  much  per  ton  will 
you  save  ?  "  Jones  answered,  "  I  will  promise  to  double  the 
output,  and  save  50  cents  per  ton."  "All  right,"  was  the  an- 
swer, "  go  ahead,  and  do  your  best."  The  new  mill  started  in 
1888,  and  all  promises  for  it  have  been  much  more  than  fulfilled. 
Its  record  production  of  rails  for  a  month  is  61,033  gross  tons. 
There  are  three  sets  of  rolls  in  this  mill,  which  are  placed  tan- 
dem. It  has  been  strengthened  since  Captain  Jones's  death,  but 
is  practically  his  mill.  The  converting-works,  which  were 
originally  designed  by  A.  L.  Holley,  afterwards  altered  and 
added  to  by  Jones,  and  again  by  C.  M.  Schwab,  have  made 
about  105,000  gross  tons  of  ingots  in  a  month.  After  the  start- 
ing of  the  new  mill,  the  original  Edgar  Thomson  rail-mill  re- 
mained idle  for  several  years.  It  was  then  remodeled  and 
used  for  the  production  of  rails,  mostly  under  60  lb.  per  yard, 
and  has  been  in  practically  constant  operation  ever  since. 
Within  the  last  year  another  rail-mill  has  been  added  to  the 
plant,  and  one  which  is  quite  a  departure  in  the  business.  It 
consists  of  two  sets  of  18-in.  rolls,  placed  tandem,  and  equipped 
with  automatic  tables,  the  power  for  both  rolls  and  tables  being 
electric.  It  is  intended  to  use  this  mill  for  the  reduction  of 
second-quality  rails  of  standard  sections,  made  in  the  other 
mills,  to  lighter  ones,  but  as  yet  it  has  been  principally  used  for 
rolling  small-sectioned  rails  from  billets. 

Another  notable  happening  in  American  rail-making  history 
was  the  consolidation  of  the    Lackawanna  Iron  &  Steel  Co. 
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and  the  Scranton  Steel  Co.,  both  of  which  were  located  in  Scran- 
ton,  Pa.  Following  it,  the  rail-mill  of  the  former  company  was 
abandoned,  all  the  work  being  given  to  the  latter,  which  was 
of  more  recent  construction,  and  was  of  the  reversing  type,  and 
with  one  other  constituted  the  only  existing  examples  of  such 
mills  in  America.  The  other  one  was  built  by  Mr,  A.  J.  Mox- 
ham,  as  President  of  the  Johnson  Co.,  in  1888,  near  Johnstown, 
Pa.,  to  roll  steel-girder  street-car  rails.  In  1894  this  mill  was 
removed  to  Lorain,  Ohio,  and  is  now  operated  by  one  of  the 
subsidiary  companies  of  the  United  States  Steel  Corporation. 
While  its  principal  output  is  girder  and  other  street-car  rails,  a 
large  tonnage  of  standard  shapes  is  also  produced. 

The  Lackawanna  Steel  Co.  decided  to  abandon  Scranton  as 
a  manufacturing  point,  selecting  a  new  location  at  West  Seneca, 
Is^.  Y.,  on  Lake  Erie,  near  the  city  of  Buffalo.  In  placing  the 
rail-mill  in  its  new  location  some  changes  were  made,  but  the 
reversing  type  was  retained.  Rail-rolling  was  resumed  upon  it 
in  October,  1903.  It  is  somewhat  remarkable  that  the  revers- 
ing rail-mills  in  America  should  have  developed  such  a  migra- 
tory disposition.  I  am  certain  from  personal  knowledge  that 
in  neither  case  was  it  caused  by  unsatisfactory  foundations.  It 
is  a  matter  of  record  that  when  putting  in  the  foundations  at 
Scranton,  Pa.,  Mr.  W.  W.  Scranton,  who  built  the  works,  made 
an  innovation  on  American  engineering  practice  by  using  con- 
crete, instead  of  stone  or  brick,  in  its  foundations,  and  with 
such  complete  success  that  the  practice  soon  became  general. 
I  have  mentioned  the  record  tonnage  of  but  two  plants,  be- 
cause they  have  been  the  largest,  and  strikingly  illustrate  the 
great  increase  in  American  output.  But  all  the  other  Ameri- 
can works  are  running  splendidly. 

Among  the  mechanical  improvements  of  the  Bessemer  con- 
verting plants,  which  did  much  to  increase  their  output,  was 
the  abandonment  of  the  casting-pit,  and  the  adoption  of  the 
present  practice  of  filling  the  molds  while  standing  on  cars, 
which  are  immediately  thereafter  pulled  outside  of  the  convert- 
ing-works, and  subsequently,  when  the  steel  has  sufficiently 
cooled,  the  molds  are  mechanically  stripped  from  it,  thus  sav- 
ing much  manual  labor  and  time  ;  in  fact,  without  this  im- 
provement in  practice  the  present  output  would  be  impossible. 
Holley's  shallow  pit  was  the  first  step — this,  seemingly,  the  final 
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one.  I  do  not  know  which  works  first  adopted  the  plan,  but 
it  will  be  found  by  reference  to  the  Institute's  Transactions ^ 
vol.  xiii.,  that  at  its  I^ew  York  meeting,  February,  1885,  L.  G. 
Laureau  read  a  paper  in  which,  he  proposed  so  casting  and 
handling  the  steel.  He  called  attention  to  the  fact  that  both 
in  England  and  on  the  Continent  ingots  were  sometimes  cast 
from  a  ladle  into  molds  placed  on  cars,  and  said,  "I  believe 
the  solution  of  the  problem  lies  in  casting  the  ingots  into 
molds  placed  on  cars  so  constructed  that  all  subsequent  oper- 
ations, such  as  stripping  and  putting  back  into  place,  may  be 
done  automatically,  or  by  easily-handled  machinery."  Further : 
"  The  pit  and  the  ingot-cranes  can  be  entirely  suppressed,  and  all 
the  operations  of  casting,  cleaning,  ladle-changing,  etc.,  can  take 
place  on  the  general  level."  But  his  plan  was  to  turn  the  filled 
molds  on  their  sides,  and  force  the  ingots  out  by  a  hydraulic 
plunger.  Captain  Jones  subsequently  adopted  at  the  Edgar 
Thomson  Works  that  part  of  the  proposed  practice.  But  it 
was  found  that  with  the  larger-sectioned  ingots,  which  -had 
come  into  use,  this  hasty  placing  of  them  on  their  sides  increased 
the  prevalence  of  pipes ;  so  it,  as  well  as  the  use  of  horizontal 
heating-furnaces,  was  abandoned. 

Another  factor  in  increasing  output  was  the  use  of  metal  di- 
rect from  the  blast-furnaces.  This  not  only  added  to  produc- 
tion, but  at  the  same  time  decreased  cost  by  saving  the  expense 
of  re-melting  ;  but  it  was  not  entirely  successful  until  the  mixer 
invented  by  Wm.  E.  Jones  was  adopted.  The  claim  that  the 
credit  of  this,  as  an  invention,  belonged  to  him  was  after  his 
death  bitterly  fought,  and  the  case  carried  to  the  U.  S.  Su- 
preme Court,  which  decided  in  favor  of  his  claim  ;  therefore  it 
must  be  so  considered.  That  he  was  the  first  to  venture  to  ac- 
cumulate 150  tons  and  over  of  molten  metal  in  a  refractory-lined 
vessel,  to  be  drawn  therefrom  as  wanted  and  taken  to  the  con- 
verters, has  never  been  denied. 

The  Edgar  Thomson  works,  then  under  his  management, 
were  running  on  direct  metal,  and  experiencing  the  usual 
troubles  incident  to  its  use.  In  seeking  for  a  way  to  eliminate 
them,  he  planned  the  mixer.  This  was  soon  after  the  works 
began  the  use  of  natural  gas,  and  he  expected  to  be  compelled 
to  rely  upon  heat  from  it  to  keep  his  iron  sufficiently  hot.  He 
also  thought  it  might  be  necessary  to  agitate  the  metal  while 
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in  the  mixer  to  insure  sufficiently  uniform  results ;  and  so  de- 
signed his  apparatus.  ]!s'either  procedure  was  found  necessary. 
I  have  wondered  if  the  use  of  natural  gas  had  not  been  possi- 
ble, would  he  have  made  the  venture  ?  Undoubtedly  the  in- 
vention would  have  come  in  time,  but  probably  would  have 
been  much  delayed. 

It  is  with  some  modest  hesitation  that  I  refer  to  the  part 
which  mechanical  appliances  at  the  rolls  have  performed  in  the 
great  increase  in  steel-rail  output;  but  without  them  it  would 
have  been  impossible.  Until  March,  1884,  all  American  rail- 
mills  were  fed  by  the  use  of  hooks  and  tongs  ;  and  three-high 
trains  required  from  fifteen  to  seventeen  men  to  operate  them 
for  a  production  limited  to  300  tons  per  turn  of  twelve  hours. 
[N^umerous  inventors  had  sought  to  accomplish  this  work  by 
machinery  which  would  be  automatic  in  its  action,  but  I  believe 
until  that  time  there  had  not  been  any  actually  built.  Its  pos- 
sibility was  discussed  and  predicted;  and  indeed,  as  I  have  re- 
corded on  another  occasion,  Holley  said,  in  that  spirit  of  pro- 
phetic jest  so  constant  and  so  charming  in  him,  "that  the  day 
would  come  when  we  would  start  a  rail-mill  on  Monday  morn- 
ing, and  then  go  home  after  locking  the  doors,  only  returning 
each  morning  to  count  the  rails  that  had  been  made  during  the 
preceding  twenty-four  hours,  no  other  manual  labor  being  nec- 
essary." That  point  has  now  been  reached,  and  in  fact  the  output 
has  become  so  rapid,  that  if  the  count  were  not  kept  as  the  rails 
are  made,  I  fear  the  enumerator  would  never  catch  up.  How 
Holley  would  have  reveled  in  the  knowledge  of  what  is  being 
accomplished  !  He  knew  that  rail-mill  mechanism  was  possi- 
ble, but  for  some  incomprehensible  reason  the  way  did  not  open 
to  his  mind. 

In  March,  1884,  I  introduced  driven  tables  in  front  of  the 
finishing-rolls  of  the  rail-train  of  the  Albany  &  Rensselaer  Iron 
&  Steel  Co.,  Troy,  N.  Y.  They  worked  so  well  that  I  put  an 
automatic  arrangement  in  front  of  the  roughing-rolls.  This 
was  more  particularly  designed  by  Mr.  Max  M.  Suppes,  then 
the  master  mechanic  of  the  department,  and  now  general  man- 
ager of  the  Lorain  works  of  the  U.  S.  Steel  Co.  Mr.  Suppes 
rendered  me  valuable  assistance  during  all  my  experiments. 
The  last  table  was  also  successful,  and  soon  after  I  placed  tables 
on  the  catchers'  side  of  the  train. 

E 
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Capt.  "VYm.  R.  Jones  at  once  advised  his  firm  to  secure  au- 
thority and  apply  the  system  to  the  Edgar  Thomson  mill.  This 
being  done,  he  designed  and  put  in  an  elaborate  system  of 
tables,  some  points  of  which  he  patented.  He,  Mr.  Suppes,  and 
myself  pooled  our  interests,  and  later  nearly  all  of  the  steel 
companies  of  the  country  secured  licenses  from  us.  The  num- 
ber of  men  necessary  to  operate  the  rolls  was  at  once  reduced 
from  seventeen  to  five,  and  I  have  already  given  the  figures 
covering  the  increased  production.  From  300  to  3,000  tons  per 
day  is  a  far  cry. 

Others  took  up  the  automatic-table  matter,  and  Mr.  F.  H. 
Treat,  then  mechanical  engineer  of  the  Joliet  Steel  Co.,  put  in 
a  set  after  his  designs  at  their  Joliet,  111.,  mill.  He  was  assisted 
in  this  by  Mr.  Charles  Pettigrew,  the  company's  chief  engineer. 
Mr.  Wm.  Clark,  of  Pittsburg,  also  developed  a  table  system. 
As  before  stated,  there  have  been  great  changes  in  the  various 
companies'  mills,  but  the  table  designs  are  all  based  on  the 
original  schemes. 

I  have  mentioned  by  name  but  few  persons,  and  the  majority 
of  those  are  either  deceased  or  not  now  actively  connected  with 
steelmaking.  But  this  does  not  mean  that  all  credit  belongs 
only  to  those  so  named.  Far  from  it.  There  has  been  and  is 
now  an  army  of  workers,  some  of  whom  have  reaped  rich  pe- 
cuniary rewards ;  others  are  still  in  the  hottest  of  the  conflict, 
no  doubt  hoping  for  personal  success  and  emoluments,  but,  over 
and  above  all  other  considerations,  giving  their  best  toward  the 
success  of  their  works.  I  cannot  mention  them  all,  and  whom 
could  I  select  ? 

It  must  be  remembered  that  these  men  have  improved  and 
strengthened  the  plants  which  they  manage  or  have  designed, 
and  with  that  and  their  administrative  efibrts  have  come  the 
great  results.  To  be  content  with  conditions  as  they  found 
them  would  have  been  to  such  men  impossible. 

Demand  creates  supply;  therefore  there  would  not  have  been 
the  increased  steel  production  in  America  if  it  had  not  been  for 
the  development  and  growth  of  the  country,  and  it  is  collater- 
ally true  that  without  the  discovery  and  expansion  of  the  mak- 
ing of  Bessemer  and  other  mild  steels  that  growth  would  have 
been  impossible.  While  the  present  American  railways  with 
their  equipment  would  be  absolutely  impossible  with  iron  rails. 
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it  is  also  true  that  their  development  has  necessitated  a  change 
in  the  characteristics  of  the  steel  rails  used.  In  the  early  'seven- 
ties, when  steel  rails  began  to  replace  iron  ones,  the  section  re- 
quired was  not  over  60  lb.,  and  more  generally  56  lb.  to  58  lb., 
to  the  yard,  and  the  increased  service  obtained  from  them  was 
regarded  as  wonderful.  But,  nevertheless,  the  wisdom  of  their 
use  was  not  at  once  unanimously  accepted.  If  I  am  not  mis- 
taken, one  of  the  leading  English  technical  journals  for  a  long 
time  warmly  championed  the  continued  use  of  iron  rails.  jSTatu- 
rally,  the  term  '-steel"  carried  with  it  an  idea  of  hardness, 
and  consequent  brittleness ;  hence  the  fear  of  an  all-steel  rail. 
Much  time  and  money  were  spent  in  unsuccessful  experiments 
with  iron  ones  having  steel  heads.  These  conditions  led  to 
making  the  steel  rails  of  as  soft  a  composition  as  could  then  be 
successfully  accomplished.  I  have  no  doubt  that  had  ferro- 
manganese  been  then  known  the  early  rails  would  have  been 
rolled  from  dead  soft  metal.  Let  this  be  as  it  may,  it  is  true 
that  while  the  earlj^  steel  rails  were  of  very  irregular  chemical 
composition,  the  aim  was  to  keep  the  carbon-content  not  to  ex- 
ceed 0.30  per  cent.,  and  somewhat  later  not  over  0.40  per  cent. 
Undoubtedly,  owing  largely  to  the  care  exercised  in  the  phys- 
ical treatment  of  the  metal  during  the  manufacture  of  the  rails, 
most  excellent  results  were  obtained,  and  gradually  familiarity 
with  them  dispelled  the  fear  of  breakage.  And  it  was  not  long 
before  railway  officials  realized  that  their  use  permitted  in- 
creased loads  and  speed.  Traffic  demands  and  better  financial 
conditions  led  to  increasing  the  weight  of  the  rail-sections,  and 
also  the  hardness  of  the  metal  in  them  ;  but  the  same  causes 
also  led  to  heavier  wheel-loads  of  both  engines  and  cars,  and 
faster  schedules.  In  many  cases  the  results  as  to  wear  were  not 
satisfactory,  which  led  to  a  notable  discussion,  which  is  re- 
corded in  the  Transactions  of  the  Institute.  The  advocacy  of 
softer  steel  came  from  one  of  the  leading  railway  systems  of 
the  country,  ably  presented  by  their  chief  chemist,  then,  as  now, 
a  distinguished  member  of  the  Institute.  This  resulted  in  a 
demand  for  lower-carbon  steel,  which  continued  for  several 
years.  But  the  results  were  not  as  anticipated.  The  increase 
of  wheel-loads,  total  tonnage  hauled,  and  speed  of  trains  went 
on,  and  harder  steel  won  the  day,  and  has  since  been  in  univer- 
sal use  on  American  roads.     But  the  enlaro-ement  of  elements 
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was  not  all  on  the  side  of  the  railways.  The  railmakers  had 
also  been  busy,  and  some  persons  claimed,  and  still  contend, 
that  speed  of  manufacture  did  not  tend  to  give  better  results 
under  stress  of  traffic.  Let  that  be  as  it  may,  it  is  a  fact  that 
American  railways  now  require  very  much  harder  rails  than 
do  those  of  Europe,  and  this  regardless  of  the  climatic  condi- 
tions under  which  the  rails  are  to  be  used.  In  fact,  thousands 
of  tons  of  80-lb.  rails,  with  carbon-content  to  the  height  of 
American  specifications,  have  been,  and  are,  in  safe  use  on 
Canadian  roads,  some  of  them  made  on  this  side  of  the  water, 
some  in  the  United  States,  and  others  in  Canada. 

The  increase  in  the  output  of  basic  open-hearth  steel  has 
been  great  in  the  United  States;  but  it  was  not  until  1899  that 
the  commercial  manufacture  of  rails  from  that  metal  was  be- 
gun. This  was  done  at  the  Ensley,  Ala.,  works  of  the  Ten- 
nessee Coal,  Iron  &  Railroad  Co.,  and  since  then  that  com- 
pany has  regularly  continued  the  manufacture. 

The  Colorado  Fuel  &  Iron  Co.,  at  Pueblo,  Colo.,  has  begun 
the  manufacture  of  basic  open-hearth  rails  on  a  large  scale. 

As  I  have  already  mentioned,  the  entire  rail  output  of  the 
Dominion  Steel  Co.,  of  Sydney,  Nova  Scotia,  is  of  that  metal. 
And  the  Indiana  Steel  Co.,  a  subsidiary  company  of  the  United 
States  Steel  Corporation,  has  started  upon  the  building  of  a 
large  plant  for  the  same  purpose.  Aside  from  the  comparative 
merits  of  Bessemer  and  basic  open-hearth  steel,  there  seems  to 
be  no  doubt  but  that  America's  iron-ore  conditions  will  force 
the  growth  of  the  latter  process.  As  I  have  already  stated,  in 
1905  there  were  rolled  in  the  United  States  183,264  tons  of 
basic  open-hearth  rails,  which  is  small  as  compared  to  the  Bes- 
semer tonnage,  bat  it  is  "  the  handwriting  on  the  wall !  "  There 
have  been  two  attempts  to  make  steel  in  America  by  the  basic 
Bessemer  process.  Both  were  technically  successful,  but,  owing 
to  the  character  and  cost  of  the  iron  obtainable,  they  failed 
commercially. 

While  so  far  the  output  has  covered  but  a  moderate  tonnage, 
at  the  same  time  the  successful  results  obtained  demand  that 
mention  be  made  of  the  McKenna  process  of  renewing  worn 
rails.  The  American  McXenna  Process  Co.  owns  three  mills, 
but  at  present  only  one  of  them  is  in  operation.  It  is  situated 
at  Joliet,  111.,  and  has  been  continuously  successful.     As  you 
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will  recall,  tlie  procedure  is  to  take  worn  rails,  heat  them  in 
long  furnaces,  and  give  them,  while  at  a  comparatively  low 
temperature,  two  passes  in  a  tandem  mill.  The  reduction  varies 
with  the  condition  of  the  worn  section,  but,  as  a  rule,  gives  a 
rail  of  about  from  10  per  cent,  to  12  per  cent,  lighter  weight 
than  the  original  section.  This  practice  has  been  in  operation 
since  1897,  and  a  number  of  the  leading  Western  railway  sys- 
tems are  regularly  employing  it  with  satisfactory  results. 

Another  line  of  steel  manufacture  has  had  a  great  growth  in 
the  United  States.  That  is  the  rolling  of  structural  shapes, 
practically  all  of  which  are  of  steel.  Xaturally  the  demand,  and 
so  the  output,  has  varied.  I  find  that  in  1902  there  were  rolled 
1,300,326  tons;  in  1904  it  fell  to  949,146  tons  :  while  in  1905 
it  was  1,660,519  gross  tons,  being  28  per  cent,  over  1902  and 
74.9  per  cent,  over  1904. 

While  I  have  given  precedence  to  the  American  development 
of  Bessemer  and  open-hearth  steels,  particularly  as  intended  for 
rails,  it  was  because,  as  stated,  that  history  has  been  so  coinci- 
dent with  that  of  our  Institute.  But  it  has  not  been  on  those 
lines  alone  that  America  has  made  great  progress.  In  fact  it 
was  necessary  to  such  production  of  steel  that  increase  in  the 
blast-furnace  output  should  at  least  keep  pace  with  it.  The  ore 
had  to  be  smelted  preparatory  to  the  subsequent  processes.  It 
will  be  recalled  that  European  and  American  ironmasters  dif- 
fered for  a  long  time  as  to  the  economy  of  forcing  the  workings 
of  blast-furnaces,  the  former  contending  that  while  the  output 
would  be  augmented,  so  also  would  the  cost  of  repairs.  On  the 
other  hand,  the  Americans  maintained  that  it  was  as  to  the  cost 
per  ton,  and  not  as  to  time,  that  such  cost  should  be  figured. 
That  is,  if  a  furnace-lining  gave,  say,  100,000  tons  of  metal  and 
lasted  but  a  year  in  so  doing,  it  was  cheaper  thus  to  use  the 
plant  than  to  take  three  years  in  obtaining  the  same  product. 
At  all  events,  it  has  been  on  the  latter  lines  that  the  business 
has  been  conducted.  But,  as  in  many  other  cases,  we  had  to 
come  to  England  for  that  which  has  made  such  driving  pos- 
sible. Without  the  firebrick  stoves  it  could  not  have  been  ac- 
complished. They  may  have  been  improved,  and  other  names 
deserve  honor  for  what  has  been  done,  but  that  of  Whitwell 
will  ever  stand  as  the  foundation  one. 

The  production  of  pig-iron  of  all  kinds  in  the  United  States 
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in  1876  was  1,868,961  gross  tons.  In  1905  it  was  22,992,380 
gross  tons.  The  production  of  Bessemer  pig-iron  was  not  sepa- 
rated statistically  from  other  pig-iron  until  1887.  In  that  year 
it  was  2,875,462  gross  tons,  and  in  1905  it  was  12,220,209  gross 
tons.  The  production  of  hasic  pig-iron  was  first  separately  as- 
certained in  1896,  when  it  was  336,403  gross  tons.  In  1905  it 
was  4,105,179  gross  tons,  charcoal  basic  pig-iron  not  being  con- 
sidered in  either  case. 

Undoubtedly  the  use  of  the  Jones  scheme  of  a  mixing  recep- 
tacle has  done  much  to  permit  the  driving  of  the  blast-furnaces 
supplying  steel  plants.  The  output  of  several  furnaces  being 
so  treated,  it  is  readily  seen  that  greater  variation  in  its  char- 
acter can  be  permitted  than  if  the  iron  from  each  one  had  to  be 
used  separately.  But  while  furnaces  have  been  driven  to  mak- 
ing an  output  of  over  750  tons  per  day  apiece,  I  believe  it  has 
been  concluded  that  better  results  are  obtained  b}^  limiting  the 
output  of  the  same  furnaces  to  about  550  tons  per  24  hr.  Of 
course,  the  tremendous  outputs  would  be  impossible  if  the  raw 
materials,  and  in  fact  the  produced  metal,  were  not  handled  by 
machinery,  much  of  which  is  of  automatic  character.  Such  de- 
vices do  not  merely  move  the  stock,  but  some  of  them  also  regu- 
late the  charging  and  distribution  of  it  in  the  furnace,  and  con- 
tribute to  the  regularity  of  the  metallurgical  process.  In  that 
field  there  has  been  much  mechanical  ability  applied,  and  im- 
provements are  still  being  diligently  sought.  ISText  to  the  use 
of  gas  blowing-engines,  and  for  which  we  must  thank  this  hemi- 
sphere, I  suppose  the  development  in  blast-furnace  practice 
which  is  attracting  the  most  attention  in  America  is  our  past- 
President  James  Gayley's  application  of  refrigeration  to  the 
blast,  the  results  from  which  are  certainly  very  encouraging, 
and  I  am  glad  to  know  that  its  use  is  being  taken  up  by  other 
concerns  than  his  own. 

Gentlemen,  there  are  many  other  developments  in  the  iron 
and  steel  art  in  America  which  deserve  recognition,  and  I  feel 
derelict  in  failing  to  mention  any  one  of  them,  but  time  must 
limit  my  address.  American  members  of  the  American  Insti- 
tute of  Mining  Engineers  know  of  them.  Our  foreign  mem- 
bers and  our  hosts  of  the  Iron  and  Steel  Institute  must  come  to 
America  and  see  for  themselves.  They  may  not  want  to  copy, 
but  they  can,  at  least,  see  what  to  avoid. 
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At  the  conclusion  of  his  address,  President  Hunt  announced 
the  election,  as  Honorary  Members  of  the  American  Institute 
of  Mining  Engineers,  of  Messrs,  R.  A.  HadHeld,  President  of 
the  Iron  and  Steel  Institute,  and  John  E.  Stead,  F.R.S.,  of  Mid- 
dlesbrough, both  of  whom  acknowledged  in  brief  remarks  the 
honor  thus  conferred. 

The  third  and  concluding  session,  being  a  joint  session  of  the 
American  Institute  of  Mining  Engineers  and  the  Iron  and  Steel 
Institute,  was  held  at  the  same  place,  Thursday,  July  26,  at 
10.30  a.m.  At  the  request  of  President  Hadfield,  President 
Hunt  presided. 

The  following  papers  were  presented  in  oral  abstract  by  their 
authors  : 

The  Roe  Puddling  Process,  by  James  P.  Roe,  Pottstown,  Pa.* 

Mr.  Roe's  paper  was  orally  discussed  by  Dr.  Raymond,  Axel 
Sahlin,  E.  S.  Cook,  F.  W.  Paul,  Prof.  H.  Bauermau,  Prof. 
Turner,  and  B.  Talbot. 

Improvements  in  Rolling  Iron  and  Steel,  by  James  E.  York, 
New  York,  K  Y. 

Mr.  York's  paper  was  orally  discussed  by  President  Hunt, 
Kurt  Kerlen,  and  James  Riley. 

Comparison  of  American  and  Foreign  Rail-Specifications; 
with  a  Proposed  Standard  Specification  to  Cover  American 
Rails  Rolled  for  Export,  by  Albert  Ladd  Colby,  New  York,  K  Y. 

Mr.  Colby's  paper  was  discussed  orally  by  Messrs.  Raymond, 
"Windsor  Richards,  Williams,  Harbord,  Hadfield,  Stead,  York, 
and  Lamberton,  and  in  correspondence  by  Messrs.  Kenney, 
Sauveur,  Freir,  Webster,  Palmer,  and  Nigond. 

The  Gas-Producer  as  an  Auxiliary  in  Iron  Blast-Furnace 
Practice,  by  R.  H.  Lee,  Liberty  Furnace,  Va. 

Mr.  Lee's  paper  was  orally  discussed  by  Messrs.  Pullon  and 
Havard,  and,  in  correspondence,  by  Prof.  Wm.  Kent. 

The  following  papers  were  presented  in  oral  abstract  by  the 
Secretary  in  the  absence  of  the  author: 

The  Design  of  Blast-Furnace  Gas-Engines  in  Belgium,  by 
Professor  H.  Hubert,  Liege,  Belgium. 

The  Application  of  Large  Gas-Engines  in  the  German  Iron 
and  Steel  Industries,  by  K.  Reinhardt,  Dortmund,  Germany. 

*  Not  included  in  this  volume,  but  published  in  the  Journal  of  the  Iron  and  Steel 
Institute. 
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The  following  paper  was  presented  in  oral  abstract  by  the 
author  : 

Kotes  on  Large  Gas-Eugines  Built  in  Great  Britain,  and  Upon 
Gas-Cleaning,  by  Tom  Westgarth,  Middlesbrough,  England. 

The  above  papers  on  gas-engine  practice  were  orally  dis- 
cussed by  Messrs.  Greiner,  "Westgarth,  Raymond,  Kent,  Duff, 
Hamilton,  Tannett-Walker,  Robertson,  and  Thwaite. 

During  the  sessions  the  following  papers  of  the  American 
Institute  of  Mining  Engineers,  in  pamphlet  form,  were  dis- 
tributed : 

Piping  and  Segregation  in  Steel  Ingots,  by  Henry  M.  Howe, 
New  York,  IS".  Y. 

Effect  of  Low  Temperature  on  the  Recovery  of  Steel  from 
Overstrain,  by  E.  J.  McCaustland,  Ithaca,  X.  Y. 

A  Simple  Rotary  Distributor  for  Blast-Furnace  Charges,  by 
David  Baker,  Philadelphia,  Pa. 

A  Xew  Colorimeter  for  the  Determination  of  Carbon  in 
Steel,  by  Chas.  H.  White,  Cambridge,  Mass. 

Internal  Stresses  and  Strains  in  Iron  and  Steel,  by  Henry  D. 
Hibbard,  Plainfield,  K  J. 

Heat-Treatment  of  Steels  Containing  Fifty  Hundredths  and 
Eighty  Hundredths  Per  Cent,  of  Carbon,  by  C.  E,  Corson, 
Latrobe,  Pa. 

Methods  of  Mining,  Hauling  and  Screening  at  the  Mines 
of  the  Aldrich  Mining  Co.,  at  Brilliant,  Ala.,  by  T.  H.  Aldrich, 
Jr.,  Birmingham,  Ala. 

The  following  papers  of  the  American  Institute  of  Mining 
Engineers  were  read  by  title : 

The  "VTashoe  Plant  of  the  Anaconda  Copper-Mining  Co. 
in  1905,  by  L.  S.  Austin,  Houghton,  Mich. 

The  Tin-Deposits  of  the  Kinta  Valley,  by  William  R.  Rum- 
bold,  Oruro,  Bolivia,  So.  Am. 

The  Amalgamation  of  Gold-Ores,  by  Thomas  T.  Read,  New 
York,  X.  Y.^ 

The  Lime-Roasting  of  Galena,  by  Walter  R.  Ingalls,  New 
York,  N.  Y. 

The  Clays  of  Texas,  by  Heinrich  Ries,  Ithaca,  X,  Y. 

A  Device  for  Resulatinof  the  Discharge  of  Water  from  a 
Reservoir,  by  P.  Bouer}-,  Weaverville,  Cal. 

The  Cyanidation  of  Raw  Pyritic  Concentrates,  by  F,  C. 
Smith,  Wenden,  Ariz. 
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A  Study  ill  Refining  and  Overpoling  Electrolytic  Copper,  by 
H.  O.  Hofman,  E.  Hayden  and  H.  B.  Hallowell,  Boston,  Mass.* 

The  Constitution  of  Ferro-Cuprous  Sulphides,  by  H.  0.  Hof- 
man, W.  S.  Caypless  and  E.  E.  Harrington,  Boston,  Mass.* 

Laboratory  Experiments  in  Lime-Roasting  a  Galena-Concen- 
trate with  Reference  to  the  Savelsberg  Process,  by  H.  0.  Hof- 
man, R.  P.  Reynolds  and  A.  E.  Wells,  Boston,  Mass.* 

A  Search  for  the  Causes  of  Lijury  to  Vegetation  in  an  Urban 
Villa  near  a  Large  Industrial  Establishment,  by  Persifor  Frazer, 
Philadelphia,  Pa.* 

Discussion  of  Paper  by  Mr.  Watson  on  Lead-  and  Zinc-De- 
posits of  the  Virginia-Tennessee  Region,  by  Frank  Firmstone, 
Easton,  Pa. 

The  following  papers  of  the  Iron  and  Steel  Institute,  in 
pamphlet  form,  were  distributed.  Of  these  only  the  paper  of 
Messrs.  Osmond  and  Cartaud  has  been  included  in  this  volume ; 
the  others  are  published  in  the  Journal  of  the  Iron  and  Steel 
Institute. 

The  Crystallography  of  Iron,  by  F.  Osmond  and  G.  Cartaud, 
Paris,  France. 

The  Influence  of  Silicon  and  Graphite  on  the  Open-Hearth 
Process,  by  Alex,  S.  Thomas,  Cardiff,  Wales.f 

The  Kjellin  Electric  Steel-Furnace,  by  E.  C.  Ibbotson,  Shef- 
field, England.! 

The  Constitution  of  Iron-Carbon  Alloys,  by  Albert  Sauveur, 
Cambridge,  Mass.§ 

Tempering  and  Cutting-Tests  of  High-Speed  Steel,  by  H.  C. 
H.  Carpenter,  Teddington,  England. 

Recent  Processes  in  Machine-Molding  Practice,  by  Ph.  Bon- 
villain,  Paris,  France. 

Different  Modes  of  Blast-Refrigeration  and  Their  Power  Re- 
quirements, by  J.  E.  Johnson,  Jr.,  Longdale,  Va. 

The  I^odulizing  and  Desulphurization  of  Fine  Iron-Ores  and 
Pyrites-Cinder,  by  Albert  Ladd  Colb}',  jSTew^  York,  IST.  Y. 

*  Manuscript  not  received  in  time  for  publication  in  this  volume. 
t  Also  Bi-Monthly  Bulletin,  No.  12,  November,  1906,  pp.  931-938. 
i  Also  Bi-Monthly  Bulletin,  No.  12,  November,  1906,  pp.  967-970. 
?.  Also  Bi-3Ionihhj  Bulkiin,  No.  12,  November,  1906,  pp.  939-966. 
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Members  and  Visitors  Registered  at  London. 

The  following  list,  wliicli  in  all  probability  does  not  contain 
the  names  of  all  who  attended  the  sessions  and  excursions,  is 
composed  of  the  names  of  members  and  guests  registered  at 
headquarters : 


Mr.  Edwin  Adams,  Manchester. 

Mr.  E.  Adamson,  "West  Hartlepool. 

Mrs.  E.  Adamson,  "West  Hartlepool. 

Mr.  Harold  Adamson,  Hyde. 

Mr.  Joseph  Adamson,  Hyde. 

Mrs.  Joseph  Adamson,  Hyde. 

Mr.  William  Affleck,  Ellsworth,  Pa. 

Mr.  E.  T.  Agius,  London. 

Mr.  G.  Ainsworth,  Consett. 

Miss  Ainsworth,  Consett. 

Mr.  Samuel  Allen,  Edgbaston. 

Mr.  William  Edgar  Allen,  Sheffield. 

Sir  J.  T.  X.  Alleyne,  Bart.,  Belper. 

Miss  Alleyne,  Belper. 

Mr.  M.  H.  Allott,  Rotherham. 

Mrs.  M.  H.  Allott,  Eotherham. 

Mr.  James  A.  Anderson,  Greenock. 

Mr.  E.  G.  Appleby,  London. 

Mrs.  E.  G.  Appleby,  London. 

Mr.  Eobert  Armitage,  Leeds. 

Mr.  Thomas  Ashbury,  Manchester. 

Mrs.  Sarah  Ashbury,  Manchester. 

Mr.  John  A.  F.  Aspinall,  Liverpool. 

Mr.  Albert  J.  Astbury,  Birmingham. 

Mrs.  Albert  J.  Astbury,  Birmingham. 

Mr.  L.  H.  Atkinson,  London. 

Mr.  A.  M.  Austin,  Xew  York,  N.  Y. 

Mrs.  A.  M.  Austin,  Xew  Y''ork,  N.  Y. 

Capt.  E.  K.   Bagnall-Wild,  London. 

Mrs.  E.  K.  Bagnall-Wild,  London. 

Mr.  Thomas  H.  Bailey,  Birmingham. 

Mrs.  Thomas  H.  Bailey,  Birmingham. 

Mr.  Hugh  A.  Bain,  Riverside,  Cal. 

Mrs.  Hugh  A.  Bain,  Riverside,  Cal. 

Mr.  H.  Kelway  Bamber,  London . 

Mr.  Ernest  Jefferson  Barnes,  Sheffield, 

Mr.  Geo.  D.  Barron,  Eye,  New  York. 

Mrs.  Geo.  D.  Barron,  Eye,  New  York. 

Miss  Dorothy  Barron,  Eye,  New  York. 

Miss  M.  Elena  Barron,  Rye,  NewY^ork. 

Mr.  Herbert  Bates,  Manchester. 

Mr.  William  Ralph  Bates,  Derbyshire. 

Mrs.  William  Ralph  Bates,  Derbyshire. 

Prof.  H.  Bauerman,  London. 


Mr.  Jacob  Becker,  Kalk,  near  Cologne. 

Mr.  J.  C.  Beeley,  Hyde,  near  Manchester. 

Dr.  Robert  Bell,  Ottawa,  C;in. 

]\Irs.  Robert  Bell,  Ottawa,  Can. 

Sir  Hugh  Bell,  Bart.,  London. 

Lady  Bell,  London. 

Miss  Benson,  London. 

Mr.  R.  S.  Benson,  Thornaby-on-Tees. 

Mr.  G.  H.  Bentley,  Manchester. 
'  Miss  L.  Bentley,  Manchester. 

Mr.  E.  Bernheim,  Pittsburg,  Pa. 

Mr.  Clarence  Bird,  London. 

Mrs.  Clarence  Bird,  London. 

Mr.  Fred.  Bland,  Sheffield. 

Mrs.  Fred.  Bland,  Sheffield. 

Mr.  W.  H.  Bleckly,  Warrington. 

Mr.  Clifford  E.  Bloomer,  Halesowen. 

Mr.  J.  E.  Alger  Blyde,  Sheffield. 
[  Mrs.  J.  E.  Alger  Blyde,  Sheffield. 
j  Mr.  Arthur  Booth,  Leeds. 

Mrs.  Arthur  Booth,  Leeds. 

Mr.  William  Booth,  Leeds. 

Mrs.  William  Booth,  Leeds. 

Mr.  James  Bott,  Eaglescliffe,  Durham. 

Mrs.  James  Bott,  Eaglescliffe,  Durham. 

Mr.  George  R.  H.  Bowden,  Gloucester. 

Mrs.  George  R.  H.  Bowden,  Gloucester. 

Mr.  Harold  Bowman,  Preston. 

Mr.  Harold  E.  Bowman,  Preston. 

Mr.  Cyrus  Braby,  London. 

Mrs.  Cyrus  Braby,  London. 

Mr.  R.  Watson  Bradley,  Stirlingshire. 

Mrs.  R.  Watson  Bradley,  Stirlingshire. 

Mr.  V.  M.  Braschi,  Mexico  City,  Mex. 

Mrs.  V.  M.  Braschi,  Mexico  City,  Mex. 

Miss  Briggs,  Eccles. 

Mr.  William  Bright,  Gowerton. 

Mr.  Fred.  S.  Brightmore,  Doncaster. 

Mrs.  M.  M.  M.  Brightmore,  Doncaster. 

Mr.  Wallace  Broad,  Shanghai. 

Miss  Broad,  Shanghai. 

Mr.  B.  J.  Broadway,  Birmingham. 

Miss  Broadway,  Birmingham. 
'  Mr.  J.  E.  Brooks,  Leeds.  • 
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Mrs.  J.  E.  Brooks,  Leeds. 
Mr.  Bennett  H.  Brough,  London. 
Mrs.  Bennett  H.  Brough,  London. 
Mr.  H.  W.  Brown,  Sheffield. 
Mr.  P.  B.  Brown,  London. 
Mrs.  P.  B.  Brown,  London. 
Mr.  James  D.  Bruce,  Knoxville,  Tenn. 
Mrs.  A.  M.  Buchanan,  Cardiff. 
Mr.  H.  A.  Bueck,  Berlin. 
Mr.  C.  Bullock,  Manchester. 
Mrs.  C.  Bullock,  Manchester. 
Mr.  A.  M.  Butchart,  Barrow-in-Furness. 
Mrs.  A.  M.  Butchart,  Barrow-in-Furness. 
Mr.  Basil  Harding  Butler,  Leeds. 
Mr.  Edmund  Butler,  Leeds. 
Mrs.  Edmund  Butler,  Leeds. 
Miss  Butler,  Leeds. 
Mr.  Harold  Butler.  Halifax,  N.  S. 
Mrs.  Harold  Butler,  Halifax,  N.  S. 
Mr.  Thomas  Campbell,  Glasgow. 
Mrs.  Thomas  Campbell,  Glasgow. 
Mr.  Alfred  Campion,  Glasgow. 
Mr.  Athol  John  Capron,  Sheffield. 
Mr.  Charles  George  Carlisle,  Sheffield. 
.Mrs.  Charles  George  Carlisle,  Sheffield. 
Mr.  Edward  Carlisle,  Workington. 
Mrs.  Edward  Carlisle,  Workington. 
Mr.  A.  E.  Carlton,  New  York,  N.  Y. 
Mrs.  A.  E.  Carlton,  New  York,  N.  Y^. 
Mr.  David  Carnegie,  Sheffield. 
Mr.  Charles  George  Carson,  London. 
Mr.  Charles  Catlett,  Staunton,  Va. 
Mrs.  Charles  Catlett,  Staunton,  Va. 
Miss  Catlett,  Staunton,  Va. 
Mr.  Geo.  Cawley,  London. 
Mrs.  Geo.  Cawley,  London. 
Mr.  H.  S.  Chamberlain,  Chattanooga. 
Mrs.  H.  S.  Chamberlain,  Chattanooga. 
Mr.  W.  F.  Cheesewright,  London. 
Mrs.  AV.  F.  Cheesewright,  London. 
Mr.  William  T.  Cheesman,  Nottingham. 
Mrs.  William  T.  Cheesman,  Nottingham. 
Mr.  Frederick  Cleeves,  London. 
Mr.  Albert  Ladd  Colby,  New  York. 
Mrs.  Albert  Ladd  Colby,  New  York. 
Mr.  David  Colville,  Motherwell. 
Mrs.  David  Colville,  Motherwell. 
Mr,  E.  G.  Constantine,  Motherwell. 
Mrs.  E.  G.  Constantine,  Motherwell. 
Mr.  Joseph  Cook,  Alfreton. 
Mr.  Thomas  Cook,  Sheffield. 
Mr.  Arthur  Cooper,  Middlesbrough. 


Mrs.  Arthur  Cooper,  Middlesbrough. 
Mr.  Joseph  Cooper,  Jarrow-on-Tyne. 
Mr.  Edwin  Cottam,  Cardiff. 
Mrs.  Edwin  Cottara,  Cardiff. 
Mr.  John  Cowan,  Edinburgh. 
Mr.  Sherard  O.  Cowper-Coles,  London. 
Mr.  Thomas  Flewett  Craddock,  London. 
Mrs.  T.  F.  Craddock,  London. 
Mr.  T.  I.  Crane,  Philadelphia,  Pa. 
Mrs.  T.  I.  Crane,  Philadelphia,  Pa. 
Mr.  W.  H.  Crawford,  Nashville,  Tenn. 
Mr.  T.  Crompton,  Ashton,  near  Wigan. 
Mrs.  T.  Crompton,  Ashton,  near  Wigan. 
Mr.  Walter  Crooke,  Jr.,  Middlesbrough. 
Mrs.  Walter  Crooke,  Jr.,  Middlesbrough. 
Mr.  J.  F.  L.  Crosland,  Hale,    Cheshire. 
Mr.  John  Crura,  Stoke-on-Trent. 
Mr.  P.  N.  Cunningham,  Glasgow. 
Miss  Cunningham,  Glasgow. 
Mr.  Jos.  C.  Custodis,  London. 
Mr.  Edgar  Llewellyn  Daniel,  Swansea. 
Mr.Thos.  Danks, Jr., Barrow-in-Furness. 
Mr.  John  Henry  Darby,  Brymbo. 
Mrs.  John  Henry  Darby,  Brymbo. 
Mr.  Frank  Davenport,  Eccles. 
Miss  Davenport,  Eccles. 
Mr.  George  M.  Davidson,  Chicago,  HI. 
Mrs.  George  M.  Davidson,  Chicago,  111. 
Mr.  John  Cecil  Davies,  Gowerton. 
Mr.  John  Prosser  Davies,  Dowlais. 
[  Mrs.  J.  P.  Davies,  Dowlais. 
Mr.  W.  H.  Davies,  Stoke-on-Trent. 
Miss  Delane,  Llangennech. 
Mr.  Carl  Dellwik,  London. 
Mrs.  Carl  Dellwik,  London. 
Mr.  T.  J.  Denny,  Paris,  France. 
Mrs.  T.  J.  Denny,  Paris,  France. 
His  Grace,  The  Duke  of  Devonshire. 
Mr.    John   Henry  Dewhurst,  Sheffield. 
Mrs.  John  Henry  Dewhurst,  Sheffield. 
Mr.  Edward  Dickinson,  Sheffield. 
Mrs.  Edward  Dickinson,  Sheffield. 
Mr.  John  Dickson,  Grosmont. 
Mr.  Charles  E.  Dinkey,  Braddock,  Pa, 
Mrs.  Charles  E.  Dinkey,  Braddock,  Pa. 
Mr.  Walter  Dixon,  Glasgow. 
Mrs.  Walter  Dixon,  Glasgow. 
Mr,  William  Henry  Dixon,  Sheffield. 
Mrs.  H.  E.  Dixon,  Sheffield. 
Mr.  Thomas  E.  Dodgson,  Rotherliam. 
Mrs.  Thomas  E.  Dodgson,  Rotherham. 
Mr.  W.  H.  Donner,  Pittsburg,  Pa. 
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Mr.  Charles  P.  Douglas,  Darlington. 

Mr.  Nicholas  Downing,  Stockton-Tees. 

Mrs.  Nicholas  Downing,  Stockton-Tees. 

Mr.  Francis  Drake,  London. 

Mr.  Edward  James  Duff,  Liverpool. 

Mr.  George  Robert  Dunell,  London. 

Mrs.  George  Robert  Dunell,  London. 

Mr.  G.  H.  Dunn,  Dudley. 

Mrs.  Euth  Dunn,  Dudley. 

Mr.  J.  T.  Dunn,  Newcastle-on-Tyne. 

Mr.  James  Dunnacliie,  Coatbridge,  N.  B. 

Mrs.  James  Dunnacliie,  Coatbridge,  N.  B. 

Mr.  Theodore  Dwight,  New  York,  N.  Y. 

Miss  M.  A.  Eames,  Merthyr  Tydfil. 

Prof.  J.  von  Ehrenwerth,  Leoben. 

Mr.  Gustaf  Ekman,  Morgardshammar. 

Mr.  Arthur  D.  Ellis,  Bradford. 

Mr.  James  W.  Ellsworth,  New  York. 

Mr.  Alfred  Etchells,  Manchester. 

Mrs.  Alfred  Etchells,  Manchester. 

Mr.  John  Etherington,  London. 

Mrs.  John  Etherington,  London. 

Mr.  David  Evans,  Llanelly. 

Mrs.  David  Evans,  Llanelly. 

Mr.  David  Evans,  Sheffield. 

Mrs.  David  Evans,  Sheffield. 

Mr.  David  Llewellin  Evans,  Cardiff. 

Mr.  Henry  M.  G.  Evans,  Llangennech. 

Mrs.  Henry  M.  G.  Evans,  Llangennech. 

Mr.  John  Evans,  Dowlais. 

Mrs.  John  Evans,  Dowlais. 

Mr.  William  Evans,  Merthyr  Tydfil. 

Miss  Evans,  Cardiff. 

Mr.  George  J.  Eveson,  Birmingham. 

Mrs.  George  J.  Eveson,  Birmingham. 

Mr.  B.  F.  Fackenthal,  Easton,  Pa. 

Mrs.  B.  F.  Fackenthal,  Easton,  Pa. 

Mr.  John  A.  Farnell,  Glasgow. 

Mrs.  John  A.  Farnell,  Glasgow. 

Mr.  William  Farrar,  Sheffield. 

Mrs.  William  Farrar,  Sheffield. 

Mr.  Finlay  Finlayson,  Airdrie. 

Mr.  Ambrose  Firth,  Sheffield. 

Mr.  J.  E.  Fisher,  Westbury,  Wilts. 

Mrs.  J.  E.  Fisher,  Westbury,  Wilts. 

Mr.  David  Flather,  Sheffield. 

Mrs.  David  Flather,  Sheffield. 

Mr.  W.  T.  Flather,  Sheffield. 

Mrs.  W.  T.  Flather,  Sheffield. 

Mr.  H.  P.  Fogh,  Seattle,  Wash. 

Mrs.  H.  P.  Fogh,  Seattle,  Wash. 

Mr.  Paul  E.  Forbes,  Boston,  Mass. 


Mr.  Henry  Foster,  Monmouthshire. 

Mr.  William  James  Foster,  Walsall. 

Mrs.  William  James  Foster,  Walsall. 

Miss  Foster,  Pontypool. 

Mr.  A.  A.  Fownes,  South  Shields. 

Mrs.  A.  A.  Fownes,  South  Shields. 

Mr.  Alfred  Fox,  Arequipa,  Pern. 

Mrs.  Alfred  Fox,  Arequipa,  Peru. 

Mr.  Benjamin  Freeborough,   Sheffield. 

Mrs.  Benjamin  Freeborough,  Sheffield. 

Mr.  W.  E.  Freir,  London. 

Mrs.  W.  E.  Freir,  London. 

Mr.  Georg  Frielingiiaus,  Essen-Euhr. 

Sir  Theodore  Fry,  Bart. ,  Surrey. 

Mr.  H.  N.  Funnell,  London. 

Mr.  John  Thomas  Gaunt,  Eaglescliffe. 

Mr.  Eichard   Gaunt,  Stockton-on-Tees. 

Mrs.  Eichard  Gaunt,  Stockton-on-Tees. 

Mr.  James  Gayley,  New  York,  N.  Y. 

Mr.  Henry  Gielgud,  London. 

Mrs.  Henry  Gielgud,  London. 

Mr.  Hugh  Girvan,  Glasgow. 

Mrs.  Hugh  Girvan,  Glasgow. 

Miss  Brenda  Girvin,  Swansea. 

Mr.  L.  F.  Gjers,  Bournemouth. 

Mr.  J.  M.  Gledhill,  Manchester. 

Lord  Glentawe,  Swansea. 

Mr.  Eobert  Bell  Glover,  St.  Helens. 

Prof.  W.  Gowland,  London. 

Mr.  John  S.  Grasty,  Staunton,  Va. 

Mr.  G.  Watson  Gray,  Liverpool. 

Mrs.  G.  Watson  Gray,  Liverpool. 

Mr.  Joseph  Gregory,  Manchester. 

Mrs.  Joseph  Gregory,  Manchester. 

Mr.  Adolph  Greiner,  Seraing,  Belgium. 

Miss  Louisa  Groves,  London. 

Mr.  H.  A.  Guy,  Sheffield. 

Mr.  E.  A.  Hadfield,  Sheffield. 

Mrs.  E.  A.  Hadfield,  Sheffield. 

Mrs.  Hadley,  Barnes. 

Mr.  C.  Alfred  Hahn,  London. 

Mrs.  C.  Alfred  Hahn,  London. 

Mr,  B.  J.  Hall,  Barnes. 

Mrs.  B.  J.  Hall,  Barnes. 

Mr.  John  Hall,  Manchester. 

Mr.  G.  C.  Hamilton,  Leeds. 

Mrs.  G.  C.  Hamilton,  Leeds. 

Mr.  James  Hamilton,  Coatbridge. 

Mrs.  James  Hamilton,  Coatbridge. 

Mr.  H.  A.  Hammond,  West  Bromwich. 

Mrs.  H.  A.  Hammond,  West  Bromwich. 

Mr.  Weldon  Hanson,  Norton-on-Tees. 
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Mr.  F.  AV.  Harbord,  Englefield,  Surrey. 

Miss  Catherine  Harbord,  Englefield. 

Mr.  Jos.  H.  Harrison,  Middlesbrough. 

Mrs.  Jos.  H.  Harrison,  Middlesbrough. 

Mr.  Joseph  Harrop,  Swansea. 

Mr.  John  Hart,  Middlesbrough. 

Mr.  W.  A.  Hartley,  Sheffield. 

Mr.  .J.  F.  Hartlieb,  London. 

Mr.  AVilliam  B.  Hartridge,  London. 

Mrs.  AVilliam  B.  Hartridge,  London. 

Mr.  Joseph  Hartshorne,  Pottstown,  Pa. 

Mr.  Alfred  Harvey,  London. 

Mrs.  Alfred  Harvey,  London. 

Mr.  Frederick  H.  Hatch,  Cowley. 

Mrs.  Frederick  H.  Hatch,  Cowley. 

Mr.  George  Hatton,  Brierley  Hill. 

Mr.  F.  T.  Havard,  Anhalt,  Germany. 

Mr.  W.  R.  Hay,  London. 

Mrs.  "VV.  E.  Hay,  London. 

Mr.  Benjamin  W.  Head,  London. 

Mr.  John  Henry  Heap,  London. 

Mrs.  John  Henry  Heap,  London. 

Mr.  John  Hemming,  Walsall. 

Mrs.  John  Hemming,  AValsall. 

Mr.  Gustav  Hethey,  London. 

Mrs.  Gustav  Hethey,  London. 

Mr.  G.  C.  Hewett,  Colorado  Spa,  Colo. 

Sir  Alfred  Hickman,  Bart.,  London. 

Mr.  AVilliam  Hill,  Apedale,  Newcastle. 

Miss  Alice  W.  Hill,  Bridgeton,  X.  J. 

Mr.  Wm.  E.  Hipkins,  Birmingham. 

Mrs.  Wm.  E.  Hipkins,  Birmingham. 

Mr.  T.  W.  Hogg,  Newcastle-on-Tyne. 

Miss  Holgate,  Chesterfield. 

Mr.  Thomas  Edward  Holgate,  Darwen. 

Mr.  B.  A.  Holland,  Wolverhampton. 

Mr.  Job  Holland,  Sheffield. 

Mrs.  Job  Holland,  Sheffield. 

Mr.  Henry  Holliday,  Harrow. 

Mr.  Henry  E.  HoUis,  Glasgow. 

Mrs.  Henry  E.  Hollis,  Glasgow. 

Mr.  G.  T.  Holloway,  London. 

Mr.  E.  A.  Hopkinson,  Huddersfield. 

Mrs.  E.  A.  Hopkinson,  Huddersfield. 

Mr.  C.  Hore-Ruthven,  Merthyr  Tydfil. 

Mr.  S.  S.  Horsfield,  Consett.  ' 

Mr.  Edward  Houghton,  Chesterfield. 

Mr.  John  Houghton,  AVarrington. 

Mr.  Ferdinand  Howald,  Columbus,  O. 

Mr.  John  AA^illiam  Howard,  Gloucester. 

Mrs.  John  AVilliam  Howard,  Gloucester. 

Mr.  Henry  Albert  Hoy,  Manchester. 


Mr.  Geo.  Hoyland,  Penistone,  Sheffield. 
Col.  H.  Hughes,  Sheffield. 
Mr.  John  AAHliam  Hughes,  Loudon. 
,  Mr.  James  Hulme,  Harefield. 
Miss  Humble,  Eccles. 
Mr.  Eobert  AV.  Hunt,  Chicago,  111. 
Mrs.  Eobert  AA^  Hunt,  Chicago,  111. 
Mr.  T.  S.  Hunter,  Slieffield. 
Miss  Hunter,  Sheffield. 
Mr.  Joseph  Huntrods,  AVorkington. 
Mrs.  Joseph  Huntrods,  AVorkington. 
Mr.  E.  S.  Hutchinson,  Newton,  Pa. 
Mrs.  E.  S.  Hutchinson,  Newton,  Pa. 
Mr.  AVilliam  Hutchinson,  Bilston,  Staffs. 
Mr.  John  Hurst,  Sheffield. 
Mrs.  John  Hurst,  Sheffield. 
Mr.  Edward  Charles  Ibbotson,  Sheffield. 
Mr.  A.  G.  M.  Jack,  Sheffield. 
Mrs.  A.  G.  M.  Jack,  Sheffield. 
Mr.  Joseph  Jackman,  Sheffield. 
Mr.  T.  AV.  Moseley  Jacks,  Glasgow. 
Mr.  John  Jackson,  Glasgow. 
Mrs.  John  Jackson,  Glasgow. 
Mr.  Enoch  James,  Cardiff. 
Mrs.  Enoch  .James,  Cardiff. 
Mr.  Horold  Jeans,  London. 
Mr.  J.  S.  Jeans,  London. 
Mr.  Alfred  T.  Jenkins,  Eotherham. 
Miss  C.  H.  Jenkins,  Birmingham. 
Hon.  Elaine  .Jenkins,  Swansea. 
Mr.  Eobert  AV.  Jenkins,  Eotherham. 
Mr.  Thomas  .Jenkins,  Birmingham. 
Miss  Jenkins,  Eotherham. 
^Ir.  George  N.  .Jeppson,AA^orcester,  Mass. 
Mr.  E.  R.  Johnson,  London. 
Mr.  .James  F.  Johnston,  Sheffield. 
Mrs.  .James  F.  .Johnston,  Sheffield. 
Mr.  AVilliam  J.  .Johnston,  Sheffield. 
Mrs.  W.  J.  Johnston,  Sheffield. 
Miss  Johnston,  Sheffield. 
Mr.  Chas.  L.  Jones,  London. 
Mr.  Cyrus  Jones,  Sheffield. 
Mrs.  Cyrus  Jones,  Sheffield. 
Mr.  James  Jones,  Sheffield. 
Mrs.  .James  Jones,  Sheffield. 
Mr.  .James  C.  Jones,  Eedcar,  Yorks. 
Mr.  Thomas  Jones,  Merthyr  Tydfil. 
Mr.  Andrew  Jackson  Jordan,  Sheffield. 
Miss  Ettie  A.  Jordan,  Sheffield. 
Mr.  Frank  .Jordan,  London. 
Mr.  P.  M.  Justin,  London. 
Mr.  Chokuro  Kadono,  London. 
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Mrs.  Chokuro  Kadono,  London. 

Mr.  Henry  W.  Kearns,  Accrington. 

Mrs.  Henry  W.  Kearns,  Accrington. 

Miss  Kearns,  Accrington. 

Mr.  Arthur  Keen,  Birmingham. 

Sir  Alexander  Kennedy,  London. 

Mr.  Julian  Kennedy,  Pittsburg,  Pa. 

Mrs.  Julian  Kennedy,  Pittsburg,  Pa. 

Miss  Kennedy,  Pittsburg,  Pa. 

Prof.  "VVm.  Kent,  Syracuse,  N.  Y. 

Mrs.  Wm.  Kent,  Syracuse,  N.  Y. 

Miss  Agnes  S.  Kent,  Syracuse,  N.  Y. 

Mr.  Kurt  Kerlen,  Path,  Diisseldorf. 

Mr.  T.  J.  Kern,  Worcester,  Mass. 

Mrs.  T.  J.  Kern,  "Worcester,  Mass. 

Mr.  Anton  v.  Kerpely,  Vienna. 

Mr.  James  Kerr,  Motherwell. 

Mr.  William  Kestranek,  Vienna. 

Mr.  John  Kidd,  Consett. 

Mrs.  John  Kidd,  Consett. 

Mr.  John  Kidner,  Kettering. 

Mr.  J.  W.  King,  Shetheld. 

Mr.  Paul  S.  King,  New  York,  N.  Y. 

Mr.  Charles  Kirchhoff,  New  York. 

Miss  Linda  Kirchhoff,  New  York. 

Mr.  Henry  Kirk,  Workington. 

Mrs.  Henry  Kirk,  Workington. 

Mr.  William  G.  Kirkaldy,  London. 

Mrs.  William  G.  Kirkaldy,  London. 

Mr.  William  Kirkham,  Sheffield. 

Mrs.  William  Kirkham,  Sheffield. 

Mr.  W^.  P.  Kirkpatrick,  Brussels. 

Et.  Hon.  Sir  James  Kitson,  London. 

Mr.  Max  Krause,  Berlin. 

Mr.  Andrew  Lamberton,  Coatbridge. 

Mrs.  Andrew  Lamberton,  Coatbridge. 

Mr.  William  Langdon,  Torquay. 

Mr.  Langdon,  Jr.,  Torquay. 

Mr.  Edward  Fulton  Law,  London. 

Mrs.  Edward  Fulton  Law,  London. 

Sir  Joseph  Lawrence,  London. 

Lady  Lawrence,  London. 

Mr.  J.  Henry  Lee,  Baltimore,  Md. 

Mrs.  J.  Henry  Lee,  Baltimore,  Md. 

Mr.  John  Bayley  Lees,  Handsworth. 

Mr.  A.  Lennox  Leigh,  Doncaster. 

Sir  Joseph  Leigh,  Didsbury. 

Lady  Leigh,  Didsbury. 

Mr.  E.  C.  Leonard,  Albany,  N.  Y. 

Mr.  Edwin  Marcus  Letcher,  London. 

Mrs.  Edwin  Marcus   Letcher,  London. 

Mr.  Frederick  Levick,  London. 


Miss  Levick,  London. 

Mr.  Lewis  Levy,  London. 

Mrs.  Lewis  Levy,  London. 

Mr.  David  Lewis,  Dowlais. 

Mr.  David  Lewis,  Gorseinon. 

Mr.  George  Lewis,  Bilston. 

Mrs.  George  Lewis,  Bilston. 

Mr.  Gething  Lewis,  Cardiff. 

Mrs.  Gething  Lewis,  Cardiff. 

Mrs.  Jane  Lewis,  Gorseinon. 

Mr.  W.  K.  Lewis,  Gorseinon. 

Sir  W.  T.  Lewis,  Bart.,  Aberdare. 

Mr.  D.  Charles  Lloyd,  Wolverhampton. 

Mr.  F.  H.  Lloyd,  Lichfield. 

Prof.  Eichard  W.  Lodge,  Boston,  Mass. 

Mrs.  Eichard  W.  Lodge,  Boston,  Mass. 

Mr.  Eobert  H.  Longbotham,  Wakefield. 

Mr.  Alfred  H.  Longden,  Nottingliam. 

Mrs.  Alfred  H.  Longden,  Nottingham. 

Mr.  John  A.  Longden,  Nottingham. 

Mrs.  John  A.  Longden,  Nottingham. 

Mr.  D.  A.  Louis,  London. 

Mr.  Thomas  Brown  Loxley,  Wakefield. 

Mrs.  Thomas  Brown  Loxley,  Wakefield. 

Mr.  C.  W^ilhelm,  Lundeberg,  Sweden. 

Mr.  Jesse  J.  MacDonald,  Truinfo,  Cal. 

Mrs.  Jesse  J.  MacDonald,  Truinfo,  Cal. 

Mr.  Walter  Macfarlane,  Wednesbury. 

Mrs.  Walter  Macfarlane,  Wednesbury. 

Mr.  E.  J.  McCaustland,  Ithaca,  N.  Y. 

Mr.  James  McCracken,  Erdington. 

Mrs.  James  McCracken,  Erdington. 

Mr.  C.  McCrery,  Birmingham,  Ala. 

Mr.  J.  McGregor,  Croydon. 

Mrs.  J.  McGregor,  Croydon. 

Mr.  Walter  S.  B.  McLaren,  London. 

Mr.  George  G.  McMurtry,  New  York. 

Mr.  Bedford  McNeill,  London. 

Mrs.  Bedford  McNeill,  London. 

Mr.  W.  E.  Makepeace,  Gateshead, Tyne. 

Mrs.W.  E.  Makepeace,  Gateshead,  Tyne. 

Mr.  Olof  Alfred  Malmberg,  Harrow. 

Mrs.  Olof  Alfred  Malmberg,  Harrow. 

Mr.  J.  E.  Marley,  Hebburn-on-Tyne. 

Mrs.  J.  E.   Marley,  Hebburn-on-Tyne. 

Mr.  Edward  P.  Martin,  Abergavenny. 

Mr.  Herbert  Evans  Mason,  Horwich. 

Mr.  W.  F.  Mason,  Manchester. 

Miss  Mason,  Manchester. 

Mr.  Ewing  Matheson,  Leeds. 

Mr.  J.  Matthews,  Newcastle-ou-Tyne. 

Mr.  F.  J.  Maw,  Sheffield. 
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Mr.  AVilliara  Henry  Maw,  London. 
Mrs.  William  Henry  Maw,  London. 
Mr.  Henry  Median,  Glasgow. 
Mrs.  Henry  Median,  Glasgow. 
Mr.  John  Frederick  Melling,  Sheffield. 
Mrs.  J.  F.  Mdling,  Sheffield. 
Mr.  Samuel  Melling,  Wigan. 
Mr.  W.  H.  Merrett,Wallington,  Surrey. 
Miss  Merrett,  London. 
Mr.  George  Mesta,  Pittsburg,  Pa. 
Mr.  Antony  C.  Meyjes,  London. 
Mrs.  Antony  C.  Meyjes,  London. 
Mr.  John  Thomas  Middleton,  London. 
Mr.  Isaac  Bernard  Milne,  Sheffield. 
Mr.  Walter  Milner,  Warrington. 
Mr.  James  Tayler  Milton,  London. 
Mrs.  James  Tayler  Milton,  London. 
Miss  Milton,  London. 
Mr.  Frederick  Monks,  Warrington. 
Mr.  Frederick  W.  Monks,  Appleton. 
Mrs.  Frederick  W.  Monks,  Appleton. 
Mr.  Alfred  Moore,  London. 
Mr.  Harold  Moore,  Woolwich  Arsenal. 
Mr.  John  Moore,  London. 
Mr.  William  Moore,  Wolverhampton. 
Mr.  Hedley  S.  Moorwood,  Sheffield. 
Mrs.  Hedley  S.  Moorwood,  Sheffield. 
Mr.  Gwyn  Vaughan  Morgan,  London. 
Mr.  P.  V.  Morgan,  London. 
Mr.  Sept.  Vaughan  Morgan,  London. 
Mr.  W.  S.  Morse,  Aguascalientes,  Mex. 
Mrs.  W.  S.  Morse,  Aguascalientes,  Mex. 
Mr.  John  Fi-ancis  Moss,  Jr.,  Sheffield. 
Mrs.  John  Francis  Moss,  Jr.,  Sheffield. 
Mr.  Andrew  Mount-Haes,  London. 
Mrs.  Andrew  Mount-Haes,  London. 
Mr.  J.  H.  Moysey,  Middlesbrough. 
Mrs.  J.  H.  Moysey,  Middlesbrough. 
Mr.  Matthew  Murray,  London. 
Mr.  C.  T.  Need  ham,  Manchester. 
Mr.  David  M.  Nesbit,  London. 
Mr.  Henry  Nicholson,  Manchester. 
Mr.  Frank  Noake,  Wolverhampton. 
Mr.  Chas.  G.  Xorris,  Manchester. 
Mrs.  Chas.  G.  Norris,  Manchester. 
Mr.  E.  H.  Norton,  Los  Angeles,  Cal. 
Mrs.  E.  H.  Norton,  Los  Angeles,  Cal. 
Miss  M.  E.  Nort04i,  Los  Angeles,  Cal. 
Mr.  Paul  E.  Norton,  Los  Angeles,  Cal. 
Miss  V.  E.  Norton,  Los  Angeles,  Cal. 
Mr.  Perry  Fairfax  Nursey,  London. 
Mr.  Zachariah  AV.  Onions,  Pontypool. 


Mr.  Eeginald  Thomas  Orme,  Derby. 
Mrs.  C.  Orme,  Derby. 
Miss  Orme,  Derby. 
Mr.  George  Ormrod,  Allentown,  Pa. 
Mrs.  George  Ormrod,  Allentown,  Pa. 
Miss  Mary  A.  Ormrod,  Allentown,  Pa. 
Mr.  Davidge  Page,  London. 
Mr.  Berkeley  Paget,  London. 
Mr.  E.  E.  Palmer,  London. 
Mr.  D.  Adamson  Parkyn,  Manchester. 
Mrs.  D.  Adamson  Parkyn,  ^Linchester. 
Mr.  P.  C.  Patterson,  Pittsburg,  Pa. 
Mr.  Fred  Wilson  Paul,  Harrogate. 
Mrs.  Fred  AVilson  Paul,  Harrogate. 
Mr.  Eichard  Pearce,  Denver,  Col. 
Major  L.  G.  Pearson,  Ayrshire. 
Mr.  Thos.  B.  Pegler,  Leeds. 
Mrs.  Thos.  B.  Pegler,  Leeds. 
Mr.  L.  Pendred,  London. 
Mr.  John  E.  Perry,  Wolverhampton. 
Mr.  W.  H.  Perry,  Stockton-on-Tees. 
Mrs.  W.  H.  Perry,  Stockton-on-Tees. 
Mr.  Eichard   Peters,  Philadelphia,  Pa. 
Mrs.  Eichard  Peters,  Philadelphia,  Pa. 
Mr.W.  F.  Pettigrew,  Barrow-in-Furness. 
Mrs.  W.  F. Pettigrew,  Barrow-in-Furness. 
Mr.  Charles  David  Phillips,  Newport. 
Mrs.  Charles  David  Phillips,  Ne\vport. 
Mr.  Wm.  H.  Pierce,  Baltimore,  Md. 
Mr.  Herbert  Pilkington,  Chesterfield. 
Mrs.  Herbert  Pilkington,   Chesterfield. 
Mr.  S.  H.  Pitkin,  Akron,  Ohio. 
Mrs.  S.  H.  Pitkin,  Akron,  Ohio. 
Mr.  S.  M.  Pitman,  Providence,  E.  I. 
Mrs.  S.  M.  Pitman,  Providence,  E.  L 
Miss  M.  Pitman,  Providence,  E.  L 
Mr.  Harry  Pollitt,Altrincham, Cheshire. 
Miss  H.  Porter,  Knoxville,  Tenn. 
Mr.  H.  Post  van  der  Burg,  Eotterdam. 
Miss  Florence  E.  Pound,  London. 
Mr.  Horatio  G.  Powell, Wolverhampton. 
Mrs.  J.  M.  Powell,  Wolverhampton. 
Mr.  Stanley  F.  Prest,  London. 
Mrs.  Stanley  F.  Prest,  London. 
Mr.  Henry  James  Preston,  Kettering. 
Mr.  James  Proctor,  Salop. 
]\Iiss  Sybil  Proctor,  Salop. 
Mr.  J.  T.  Pullon,  Leeds. 
Mr.  Arnold  Pye-Smith,  London. 
Mrs.  Arnold  Pye-Smith,  London. 
Mr.  John  Eaine,  Newcastle-on-Tyne. 
Mr.  Wm.  John  Eandon,   Birmingham. 
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Mrs.  "Wm.  John  Eandon,  Birmingham. 
Dr.  K.  W.  Raymond,  Xew  York,  X.  Y. 
Mr.  Edmund  Reddish,  Nottingham. 
Mrs.  Edmund  Reddish,  Nottingham. 
]SIr.  William  David  Rees,  Swansea. 
Mr.  B.  M.  Renton,  Sheffield. 
Mrs.  B.  M.  Renton,  Sheffield. 
Mr.  Charles  Rhodes,  Auckland,  N.  Z. 
Mrs.  Charles  Rhodes,  Auckland,  N.  Z. 
Miss  Rhodes,  Auckland,  X.  Z. 
Mr.  Arthur  W.  Richards,  Grangetown. 
Mr.  David  Richards,  Ammanford. 
Mrs.  David  Richards,  Ammanford. 
Mr.  Edgar  J.  Windsor  Richards,  Glen- 

garnock. 
Mrs.  Edgar  J.  Windsor  Richards. 
Mr.  E.  Windsor  Richards,  Caerleon. 
Miss  Richards,  Caerleon. 
Mrs.  Lillian  Windsor  Richards,  Caerleon. 
Mr.  Harry  Riches,  Cardiff. 
Mr.  H.  M.  Ridge,  London. 
Mrs.  H.  M.  Ridge,  London. 
Mr.  Alfred  F.  Ridley,  Beraun,  Austria. 
Mrs.  Alfred  F.  Ridley,  Beraun,  Austria. 
Mr.  J.  C.  Ridley,  Jr.,  Xewcastle-on-Tyne. 
Mr.  James  Riley,  Harrogate. 
Mrs.  James  Riley,  Harrogate. 
Mr.  A.  Ritchie,  London. 
Mr.  David  E.  Roberts,  Cardiff. 
Mr.  Edwin  G.  L.   Roberts,  Eltham. 
Miss  Roberts,  Eltham. 
Mr.  Matthias  G.  Roberts,  Briton  Ferry. 
Miss  Roberts,  Briton  Ferry. 
Mr.  Leslie  Stephen  Robertson,  London. 
Mr.  A.  M.  Robeson,  Johannesburg. 
Mrs.  A.  M.  Robeson,  Johannesburg. 
Mr.  Henry  Robinson,  Sheffield. 
Mrs.  Henry  Robinson,  Sheffield. 
Mr.  Mark  Heaton  Robinson,  London. 
Mrs.  Mark  Heaton  Robinson,  London. 
Mr.  Sydney  J.  Robinson,  Sheffield. 
Mrs.  Sydney  J.  Robinson,  Sheffield. 
Mr.  Thomas  Xield  Robinson,  Rochdale. 
Mrs.  Thomas  Xield  Robinson,  Rochdale. 
Mr.  William  Swann  Robinson,  Sheffield. 
Mr.  J.  Pearce  Roe,  London. 
Mrs.  J.  Pearce  Roe,  London. 
Mr.  James  P.  Roe,  Pottstown,  Pa. 
Mrs.  James  P.  Roe,  Pottstown,  Pa. 
Miss  Josephine  Roe,  Pottstown,  Pa. 
Miss  Nancy  Roe,  Pottstown,  Pa. 
Mr.  Frank  Rogers,  Woolwich. 


Mr.  T.  B.  Rogerson,  Glasgow. 

Mrs.  T.  B.  Rogerson,  Glasgow. 

Mr.  D.  P.  Rohlfing,  Salt  Lake,  Utah. 

Mrs.  D.  P.  Rohlfing,  Salt  Lake,  Utah. 

Mr.  Francis  T.  Rollin,  Sheffield. 

Miss  F.  M.  Rollin,  Sheffield. 

Mr.  Walter  Rosenhain,  Birmingham. 

Miss  Rosenhain,  Birmingham. 

Mr.  Robert  Russell,  Newmains. 

Mr.  Frederick  C.  Ryland,  Birmingham. 

Mrs.  Frederick  C.  Ryland,  Birmingham. 

Mr.  Axel  Sahlin,  Brussels,  Belgium. 

Mrs.  Axel  Sahlin,  Brussels,  Belgium. 

Mr.  Edward  Saladin,  Paris. 

Miss  Salter,  Glasgow. 

Mr.  Ernest  Henry  Saniter,  Rotherham. 

Mr.  J.  W.  Sankey,  Wolverhampton. 

Mrs.  J.  W.  Sankey,  Wolverhampton. 

Mr.  Franz  Sauer,  London. 

Mr.  Albert  Sauveur,  Cambridge,  Mass. 

Mr.  C.  Schiffner,  Freiberg,  Saxony. 

Dr.  E.  Schrodter,  Diisseldorf. 

Mr.  George  Schultz,  London. 

Mrs.  George  Schultz,  London. 

Mr.  Charles  Scott,  Manchester. 

Mr.  H.  Kilburn  Scott,  London. 

Mrs.  H.  Kilburn  Scott,  London. 

Mr.  Walter  Alfred  Scrivener,  Cardiff. 

Mr.  E.  G.  Sehmer,  Malstatt-Burbach. 

Mrs. E.  G.  Sehmer,  Malstatt-Burbach. 

Mr.  Arthur  Serena,  London. 

Miss  Serena,  London. 

Mr.  John  Sharp,  London. 

Mr.  Richard  Sharp,  Workington. 

Mrs.  Richard  Sharp,  Workington. 

Mr.  John  Shaw,  Sheffield. 

Mrs.  John  Shaw,  Sheffield. 

Miss  Shaw,  Sheffield. 

Mr.  Ernest  A.  Sherley-Price,  London. 

Mr.  Leicester  P.  Sidney,  London. 

Mrs.  Leicester  P.  Sidney,  London. 

Mr.  William  Simons,  Stoke-on-Trent. 

Mr.  J.  C.  Simpson,  Jr. ,  Edinburgh. 

Mr.  John  AVilliam  Sissons,  Sheffield. 

Mrs.  John  William  Sissons,  Sheffield. 

Mr.  Arvid  C.  P.  Sjogren,  Sweden. 

Mr.  Walter  Skaife,  London. 

Mrs.  Walter  Skaife,  London. 

Mr.  Edward  Skewes,  Ontario,  Can. 

Mrs.  Edward  Skewes,  Ontario,  Can. 

Mr.  A.  Smith,  Cleckheaton. 

Mrs.  A.  Smith,  Cleckheaton. 
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Miss  Agnes  G.  Smith,  Syracuse,  N.  Y. 

Mr.  Enos  Smith,  Cleckheaton. 

Mrs.  Enos  Smith,  Cleckheaton. 

Mr.  Ernest  M.  Smith,  Syracuse,  N.  Y. 
■  Mr.  Frederic  Smith,  Manchester. 

Mr.  Geo.  H.  Smith,  Halifax. 

Mrs.  Geo.  H.  Smith,  Halifax. 

Mrs.  Helen  Smith,  Warrington. 

Mr.  J.  Kent  Smith,  Chester. 

Mr.  John  Law  Smith,  Warrington. 

Mr.  J.  William  Smith,  Syracuse,  N.  Y. 

Mrs.  J.  William  Smith,  Syracuse,  X.Y^. 

Mr.  Oberlin  Smith,  Bridgeton,  N.  J. 

Mrs.  Oberlin  Smith,  Bridgeton,  N.  J. 

Miss  Winifred  A.  Smith,  Syracuse, N.Y. 

Miss  Winifred  H.  Smith, Bridgeton, N.J. 

Mr.  Seth  Smith  Somers,  Halesowen. 

Mr.  Walter  Somers,  Halesowen. 

Mrs.  W^alter  Somers,  Halesowen. 

Miss  Somers,  Halesowen. 

Mr.  Louis  Spaak,  Marihaye,  Liege. 

Mr.  E.  M.  Speakman,  Knutsford. 

Mr.  H.  C.  E.  Spence,  Steeple  Rock,  N.  M. 

Mrs.  H.C.  E  Spence,  Steeple  Rock,N.  M. 

Mr.  A.  McTurk  Spencer,  Kotherham. 

Mrs.  A.  McTurk  Spencer,  Eotherham. 

Mr.  William  Spencer,  Oldham. 

Mr.  E.  Gybbon  Spilsbury,  New  York. 

Mr.  Hugh  G.  Spilsbury,  New  York. 

Mr.  W.  S.  Stallybrass,  Newcastle,  Tyne. 

Lord  Stanley  of  Alderley,  London. 

Mr.  John  E.  Stead,  Middlesbrough. 
'  Mrs.  J.  E.  Stead,  Middlesbrough. 

Mr.  Henry  Steel,  Jr.,  Sheffield. 

Mrs.  Henry  Steel,  Jr.,  Sheffield. 

Mr.  George  Steiger,  Washington,  D.  C. 

Mr.  Daniel  Stephens,  Kidwelly. 

Mr.  E.  A.  Stevens,  Hoboken,  N.  J. 

Mr.  George  Stevenson,  Sheffield. 

Mrs.  George  Stevenson,  Sheffield. 

Mr.  H.  Stevenson,  Nottingham. 

Mrs.  H.  Stevenson,  Nottingham. 

Mr.  John  L.  Stevenson,  London. 

Miss  Violet  Stone,  London. 

Lord  St.  Oswald,  London. 

Mr.  Hugh  Strain,  Jr.,  Motherwell. 

Mrs.  Hugh  Strain,  Jr.,  Motherwell. 

Mr.  John  Stringer,  Sheffield. 

Mrs.  Mary  Ann  Stringer,  Sheffield. 

Dr.  Joseph  Struthers,  New  York. 

Lieut. -Col.  A.  M.  Stuart,  Blackheath. 

Mr.  John  Summers,  Stalybridge. 


Mr.  K.  B.  Summerson,  Darlington. 

Mr.  E.  H.  Sumner,  London. 

Mr.  Samuel  Sutcliffe,  Mostyn. 

Mr.  D.  Alexander  Sutherland,  London. 

Mrs.  D.  Alexander  Sutherland,  London. 

Mr.  Carl  Svedberg,  London. 

Mr.  O.  J.  Svedberg,  Stockholm. 

Mr.  Edward  W.  Swan,  Middlesbrough. 

Mrs.  Edward  W.  Swan,  Middlesbrough. 

Mr.  J.  Swanne,  Birmingham. 

Mrs.  J.  Swanne,  Birmingham. 

Mr.  F.  S.  Tainter,  New  York,  N.  Y. 

Mr.  Arthur  T.  Tannett- Walker,  Leeds. 

Mrs.  Arthur  T.  Tannett-Walker,  Leeds. 

Mr.  Thomas  L.  Tatham,  Manchester. 

Mr.  Edward  K.  Taylor,  London. 

Mr.  J.  S.  Taylor,  Acocks  Green. 

Mr.  Knox  Taylor,   High  Bridge,  N.  J. 

Mrs.  Knox  Taylor,  High  Bridge,  N.  J. 

Mr.  L.  H.  Taylor,  Jr.,  Philadelphia,  Pa. 

Mr.  John  Teather,  Sheffield. 

Mr.  John  Tennent,  Bothwell. 

Mr.  Frank  M.  Thomas,  Birmingham. 

Mr.  Hubert  Spence  Thomas,   Llanelly. 

Mrs.  Hubert  Spence  Thomas,  Llanelly. 

Mr.  Eichard  B.  Thomas,  Chepstow. 

Mrs.  Beaumont  Thomas,  Chepstow. 

Mr.  James  Thompson,  Wolverhampton. 

Mrs.  .James  Thompson,Wolverhampton. 

Mr.  Wm.  Thompson,  Chihuahua,  Mex. 

Mrs.  Wm.  Thompson,  Chihuahua,  Mex. 

Mr.  Thomas  Frame  Thomson,  London. 

Mrs.  F.  M.  Frame  Thomson,   London. 

Mr.  John  Timmins,  Barrow-in-Furness. 

Mrs.  John  Timmins,  Barrow-in-Furness. 

Mr.  Charles  C.  Titcomb,  New  Orleans. 

Mr.  Harold  A.  Titcomb,  New  Orleans. 

Mr.  Victor  J.  F.  Tlach,  Sheffield. 

Mrs.  Reginald  Todd,  London. 

Mr.  tienry  Tomkins,  Stockton-on-Tees. 

Mrs.  Henry  Tomkins,  Stockton-on-Tees. 

Miss  Tomkins,  Stockton-on-Tees. 

Mr.  E.  L.  Tosh,  Ulverston. 

Mr.  John  Edward  Touche,  London. 

Mr.  William  Tozer,  Sheffield. 

Mrs.  William  Tozer,  Sheffield. 

Mr,  G.  Trasenster,  Marihaye,  Liege. 

Mr.  Alex.  Tarnbull,  GlasgoAv. 

Mrs.  C.  E.  Turner,  Birmingham. 

Mr.  H.  G.  Turner,  London. 

Prof.  Thomas  Turner,  Birmingham. 

Mr.  T.  Twynam,  Middlesbrough. 
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Mrs.  T.  Twvnam,  Middlesbrough. 

Mr.  J.  F.  Vaile,  Denver,  Col. 

Mr.  AV.  W.  Van  Ness,  LondoQ. 

Mr.  William  H.  Yaughan,  Manchester. 

Mr.  G.  F.  YoUmer,  London. 

Mr.  E.Waddington,  Barrow-in-Furness. 

Mrs.  E.Waddington,  Barrow-in-Furness. 

Mr.W.  F.  A.Wadham,  Dalton,  Furness. 

Mr.  J.  "\V.  Wainwright,  London. 

Mrs.  J.  "\V.  Wainwright,  London. 

Prof.  Charles  E.Wait,  Knoxville,  Tenn. 

Mrs.  Charles  E.  Wait,  Knoxville,  Tenn. 

Mr.  Charles  E.  Wait,  Jr.,  Knoxville. 

Mr.  Archd.  Walker,  Glasgow. 

Mrs.  Archd.  Walker,  Glasgow. 

Miss  Walker,  Glasgow. 

Mr.  H.  Yinceut  Wallace,  Sonora,  Mex. 

Mr.  K.  Wallwork,  Manchester. 

Mrs.  R.  Wallwork,  Manchester. 

Mr.  A.  T.  Walmisley,  London. 

Mr.  Thomas  Walshaw,  Eotherham. 

Mr.  Joseph  Walton,  Middlesbrough. 

Mr.  Chung  Yu  Wang,  Shanghai,  China. 

Mr.  T.  W.  Ward,  Slieffield. 

Mrs.  T.  W.  Ward,  Sheffield. 

Mr.  Willoughby  C  Warden,  Glasgow. 

Mr.  ]\Iarmaduke  Wardlow,  Sheffield. 

Mrs.  Marmaduke  Wardlow,  Sheffield. 

Mr.  Frank  L.  Warren,  Slieffield. 

Mr.  John  Stanley  Watson,  Sheffield. 

Mr.  Harry  H.  Webb,  London. 

Mr.  Henry  Webb,  Bury. 

Mr.  Hermann  Wedekind,  London. 

Mrs.  Hermann  Wedekind,  London. 

Dr.  A.  Weiskopf,  Hanover. 

Mrs.  A.  Weiskopf,  Hanover. 

Mr.  Thomas  West,  Sheffield. 

Mrs.  Thomas  West,  Sheffield. 

Mr.  Tom  Westgarth,  Middlesbrough. 

Mr.  George  Whale,  Crewe. 

Mr.  Ralph  A.  Whale,  Sheffield. 

Mrs.  Ralph  A.  W^hale,  Sheffield. 

Mr.  F.  T.  J.  Wheeler,  Dewsbury. 

Mrs.  F.  T.  J.  Wheeler,  Dewsbury. 

Mr.  Alfred  M.  While,  Sheffield.  ' 

Mrs.  Alfred  M.  While,  Sheffield. 

Mr.  J.  Morgan  While,  Furness  Abbey. 


Mrs.  J.  Morgan  While,  Furness  Abl>ey. 

Mr.  Chas.  H.  White,  Cambridge,  Mass. 

Mr.  G.  H.  White,  Swansea. 

Mr.  Robert  Whitehead,  Buxton. 

]\Ir.  Benjamin  Whitehouse,  Dudley. 

:Mr.  Ralph  C.  Y.  Whitfield,  Eaglescliffe. 

Mr.  S.  Whitmore,  Newport,  Mon. 

Mrs.  S.  Whitmore,  Newport,  Mon. 

Mr.  W^  Whitwell,  Saltburn. 

Mr.  John  H.  AViddowson,  Manchester. 

Mrs.  John  H.  Widdowson,  Manchester. 

Miss  AViddowson,  Manchester. 

Mr.  R.  Murray  W'ight,  London. 

Mrs.  R.  Murray  Wight,  London. . 

Mr.  George  T.  AVildsmith,  Lincoln. 

Mrs.  George  T.  AVildsmith,  Lincoln. 

Mr.  Thos.  AVilkinson,  Sheffield. 

Mr.  F.  Ainsworth  Willcox,  Sunderland. 

Mr.  G.  B.  Willey,  Sheffield. 

Mr. Thomas  AVilliams,  West  Hartlepool. 

Mr.  R.  Williamson,  Cockermouth. 

Mrs.  R.  Williamson,  Cockermouth. 

Mr.  Newton  R.  Wilson,  Monterey,  Mex. 

Mrs.  Newton  R.Wilson,  Monterey,  Mex. 

Mr.  G.  P.  Wincott,  Sheffield. 

Sir  Lloyd  AVise,  London. 

Lady  AVise,  London. 

Mr.  Zung  Tse  Kien  AVoo,  Yorks. 

Mr.  Daniel  AA'ood,  Chorlton-cum-Hardy. 

Mr.  John  Wood,  Wigan. 

Mr.  Percy  AA'^ood,  Barnes. 

Mr.  Reginald  N.  Wood,  Stafford. 

Mr.  AValter  Wood,  Philadelphia,  Pa. 

Mr.  AA^illiam  AV.  AVood,  Jr.,  Sheffield. 

Mr.  R.  G.  AVoodward,  Sheffield. 

Mr.  John  AVortley,  Sheffield. 

Mr.  John  D.  Wragg,  Burton-on-Trent. 

Mr.  Ernest  Alfred  AVraight,  London. 

Prof.  Dr.  F.  AViist,  Aix-la-Chapelle. 

Mr.  William  AVylie,  Coatbridge. 

Mr.  J.  B.  AVyne,  Anhalt,  Germany. 

Mr.  James  Young,  London. 

Miss  Young,  London. 

Mr.  Septimus  Young,  London. 

Mr.  James  E.  York,  Brooklyn. 

Mrs.  .James  E.  York,  Brooklyn. 

Mr.  H.  P.  York,  Brooklyn. 
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SPECIAL  EXCURSIOX  TO  GEEMAXY. 

Members  and  Guests  Registered  at  Dusseldorf. 


American,  English  and 

Mr.  John  F.  Andersen,  Stockholm. 
Mr.  George  D.  Barron,  Eye,  N.  Y. 
Mrs.  George  D.  Barron,  Rye,  X.  Y. 
Miss  Dorothy  Barron,  Kye,  X.  Y. 
Miss  M.  Elena  Barron,  Rye,  X.  Y. 
Prof.  H.  Bauerman,  London. 
Mr.  E.  Bernlieim,  Pittsburg,  Pa.  ] 

Miss  Bliss,  New  York,  X.  Y.  | 

Mr.  V.  M.  Braschi,  Mexico  City,  Mex. 
Mrs.  V.  M.  Braschi,  Mexico  City,  Mex. 
Mr.  A.  E.  Carlton,  Xew  York,  X.  Y. 
Mrs.  A.  E.  Carlton,  Xew  York,  X.  Y. 
Mr.  Charles  Catlett,  Staunton,  Va. 
Mr.  H.  S.  Chamberlain,  Chattanooga. 
Mrs.  H.  S.  Chamberlain,  Chattanooga. 
Mr.  Albert  Ladd  Colby,  Xew  York. 
Mrs.  Albert  Ladd  Colby,  Xew  York. 
Mr.  George  M.  Davidson,  Chicago,  111. 
Mrs.  George  M.  Davidson,  Chicago,  111. 
Mr.  W.  H.  Donner,  Pittsburg,  Pa. 
Mr.  Theodore  Dwight,  Xew  York,X.Y. 
Mr.  B.  F.  Fackenthal,  Easton,  Pa. 
Mrs.  B.  F.  Fackenthal,  Easton,  Pa. 
Mr.  C.  Fera,  Savona. 
Mrs.  C.  Fera,  Savona. 
^Ii\  S.  Fera,  Savona. 
Mr.  .John  S.  Grasty,  Staunton,  Va. 
Mr.  Joseph  Hartshorne,  Pottstown,  Pa. 
Mr.  Max  Heberlein,  Mainz,  Germany. 
Mr.  A.  Hennin,  Porto  Ferrajo,  Elba. 
Miss  Alice  W.  Hill,  Bridgeton,  X.  J. 
Mr.  Robert  "NV.  Hunt,  Chicago,  111. 
Mrs.  Robert  "W.  Hunt,  Chicago,  111. 
Mr.  H.  Hunter,  South  Kensington,  Eng. 
Mr.  E.  S.  Hutchinson,  Xewton,  Pa. 
Mrs.  E.  S.  Hutchinson,  Xewton,  Pa. 
Mr.  George  X.  .Jeppson,  Worcester, Mass. 
Mr.  Julian  Kennedy,  Pittsburg,  Pa. 
Mrs.  Julian  Kennedy,  Pittsburg,  Pa. 
Mr.  Reid  Kennedy,  Pittsburg,  Pa. 
Mrs.  Reid  Kennedy,  Pittsburg,  Pa. 
Prof.  William  Kent,  Syracuse,  X.  Y. 
Mrs.  William  Kent,  Syracuse,  X.  Y. 
^liss  Agnes  S.  Kent,  Syracuse,  X.  Y. 
Mr.  Paul  S.  King,  Xew  York,  X.  Y. 


Others,  exceyt  German. 

Mr.  Charles  Kirchhoff,  Xew  York,  X.Y. 
Miss  Linda  KirchhofF,  Xew  York,  X.Y. 
Mr.  .J.  Henry  Lee,  Baltimore,  Md. 
Mrs.  .1.  Henry  Lee,  Baltimore,  Md. 
Mr.  E.  J.  McCaustland,  Ithaca,  X.  Y. 
Mr.  C.  McCrery,  Birmingham,  Ala. 
Mr.  George  Mesta,  Pittsburg,  Pa. 
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4  FINE    GRINDING    OF    ORE    BY    TUBE-MILLS, 

I.  Introduction. 

We  owe  to  the  courtesy  of  Mr.  R.  M.  Raymond^  Manager  of 
the  El  Oro  Minuig  &  Railway  Co.,  Ltd.,  the  permission  of  pub- 
lishing in  this  paper  the  results  of  a  series  of  experiments  and 
tests  made  with  a  view  to  determining  the  economical  limit  to 
which  the  line  grinding  of  the  ore  by  tube-mills  could  be  car- 
ried on. 

For  the  sake  of  clearness,  the  following  deliiiitions  are  given 
of  certain  terms  used  in  this  paper,  as  well  as  of  the  units  and 
screens  in  the  experiments. 

Slime :  In  a  general  way  "  slime  "  is  that  mill-product,  of 
which  from  90  to  95  per  cent,  will  pass  a  200-mesh  screen 
(0.067  mm.  aperture),  and  which  is  treated  as  one  class  of  ma- 
terial in  the  El  Oro  cyanide-plants.  As  a  screen-product,  slime 
constitutes  all  material  that  will  pass  a  200-mesh  screen. 

In  sizing,  the  following  products  are  distinguished : — 

Coarse  Sand:  The  material  remaining  on  a  100-mesh  (0.111- 
mm.  aperture)  screen. 

Fine  Sand :  That  passing  through  100-mesli  and  remaining 
on  a  200-mesh  (0.067-mm.  aperture)  screen. 

Slime:  That  passing  through  200-mesh.  Fines,  which  pass 
through  200-mesh  and  settle  in  30  seconds,  and  silt,  which  does 
not  settle  in  1  minute. 

Sand-index :  The  number  proportional  to  its  total  fineness 
considered  from  the  economical  point  of  view,  as  explained  on 
page  13. 

Absolute  extraction  :  The  percentage  of  values  actually  brought 
into  solution. 

Actual  extraction  :  The  percentage  of  values  actually  brought 
to  the  zinc-boxes. 

Units:  Dollars,  U,  S.  Currency;  pounds;  and  short  tons 
(2,000  lb.).  Gold  is  valued  at  $20.67,  and  silver  at  |0.50  per 
ounce. 

Screens :  In  the  siziug-tests  the  screens  used  were  : — 

Mesh(per  1  in.),  24         30         40         60         80       100       150       200       250 

Aperture  (mm.),  .    0.740    0.515    0.424    0.250    0.159    0.111    0.090    0.067    0.058 

Strengths  of  solution :  Strengths  are  expressed  in  the  percent- 
age of  KCN  contained,  though  the  sodium  cyanide,  which  is 
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used  exclusively  at  El  Oro,  corresponds  to   125  per  cent,  of 
KCN. 

11.  The  El  Oro  Mine. 

The  El  Oro  Mining  &  Eailway  Co.,  Ltd.,  operates  a  mine 
at  El  Oro,  in  the  State  of  Mexico,  about  100  miles  ISTW.  from 
the  City  of  Mexico.  The  ore  is  gold-bearing  quartz,  containing 
a  small  amount  of  silver,  and  occurs  in  large  ore-bodies  in 
slate.  The  whole  vein-bearing  formation  has  been  covered  by 
a  heavy  andesite  flow,  in  places  several  hundred  feet  thick,  and, 
therefore,  seldom  do  the  veins  outcrop.  The  principal  vein  is 
the  "San  Rafael,"  wdiich  strikes  N.  10°  W.  and  dips  63° 
towards  the  west.  This  vein  averages  50  ft.  in  width,  and  has 
been  followed  for  more  than  a  mile  in  length. 

The  Ore. — The  ore  thus  far  worked  in  the  El  Oro  mine  is 
quite  oxidized,  and  only  a  small  amount  of  pyrite  is  met  with 
at  the  present  depth  of  the  mine.  The  ore  is  treated  by  amal- 
gamation on  plates  in  the  stamp-mill,  and  the  tailings  from 
these  are  cyanided. 

The  oxidized  ore,  a  very  hard,  compact  quartz,  averages  in 
value  from  $6  to  |15  gold,  and  from  3  to  5  oz.  of  silver,  per  ton. 

The  quartz  has  been  deposited  by  aqueous  solutions,  and,  in 
places,  shows  a  distinctly  banded  or  wavy  structure. 

The  gold  and  silver  are  scattered  through  the  quartz  in  a  re- 
markably fine  state  of  division  and,  locally,  in  a  very  uniform 
way.  Probably  all  the  gold  is  native,  and  part  of  it  is  in  the 
form  of  "rusty  gold;"  but  it  is  so  finely  divided  that  seldom 
can  "  colors  "  be  detected.  The  ore,  crushed  through  40-me8h, 
will  not  yield  to  amalgamation  more  than  18  per  cent,  of  the 
gold,  the  remainder  being  so  encased  in  the  quartz  that  even 
the  cyanide  can  dissolve  only  80  per  cent,  of  it  from  sand- 
grains  0.08  mm.  in  diameter. 

The  silver  is  probably  partly  metallic  and  partly  in  the  form 
of  silver  sulphides,  arsenides  and  antimonides.  The  amount  of 
these  metallic  sulphides,  how^ever,  is  so  small  that  the  naked 
eye  is  generally  unable  to  detect  them. 

III.  Outline  of  Ore-Treatment. 
1.  Hills  and  Cyanide-Plants. — There  are  two  mills,  each  con- 
taining 100  stamps.     No.  1  was  built  in  1899,  and  ISTo.  2  was 
completed  but  a  few  months  ago. 
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• 

111  ISTo.  1  the  sand  and  slime  are  treated  practical!}^  in  the 
same  way  as  in  plant  jSTo.  2,  though  the  material  arrangement 
and  the  mechanical  devices  are  different.  The  greatest  dift'er- 
ence  between  the  two  plants  is,  that  No.  1  has  no  tube-mills  for 
regrinding  the  sand.  At  present  the  coarse  sand  is  brought 
over  to  plant  No.  2  to  be  reground  and  treated ;  though  in  the 
near  future  two  tube-mills  will  be  added  for  grinding  exclu- 
sivel}'  the  sand  from  oSTo.  1. 

The  ore  is  dumped  from  skips  into  ore-bins,  crushed  through 
gyratory  and  jaw-crushers,  and  thence  conveyed  to  the  mills  by 
cars,  or  by  belt-conveyors.  The  mills  are  of  the  standard 
Allis  &  Chalmers  -pattern.  The  ore  is  stamped  through  from 
25-  to  35-mesh  screens,  and  runs  over  amalgamated  plates, 
which  catch  from  13  to  18  per  cent,  of  the  gold  and  from  1  to 
5  per  cent,  of  the  silver.  The  bullion  from  the  retorted  amal- 
gam contains  about  equal  parts  by  weight  of  silver  and  gold. 
The  pulp  from  the  plates  is  reground  through  tube-mills  and 
then  flows  to  the  cyanide-plants,  where  it  is  separated  into 
slime  and  sand,  which  are  treated  separately. 

Fig.  1,  showing  the  method  of  treatment  at  Mill  No.  2,  is 
self-explanatory ;  but,  as  the  experiments  given  in  this  paper 
concern  almost  exclusively  Mill  No.  2,  we  shall  give,  regarding 
this  plant,  additional  information  which  it  was  not  possible  to 
put  on  the  diagram. 

In  Mill  No.  2  the  ore  is  crushed  by  100  stamps,  each  weigh- 
ing 1,140  lb.,  and  dropping  6  in.  100  times  per  min.;  the  dis- 
charge is  2.5  in.  through  25-mesh  brass  wire  screen  (0.74-mm. 
aperture).  The  duty  per  stamp  is  4.7  tons  per  24  hr.  of  ac- 
tual work.     The  ratio  of  mill-water  to  ore  is  from  9  to  10. 

Owing  to  the  scarcity  of  water  in  the  district,  the  mill-water, 
after  separation  from  the  slime,  has  to  be  pumped  back  to  the 
large  storage-tanks.  About  340  tons  of  mill-water  pass  daily 
into  the  cyanide  solutions,  being  carried  in  as  moisture  in  the 
slime,  which  contains  53  per  cent,  of  water,  and  in  the  sand, 
which  contains  15  per  cent,  of  water.  The  discharged  slime 
carries  40  per  cent.,  and  the  sand  16  per  cent.,  of  water; 
therefore,  about  75  tons  of  weak  solution  have  to  be  discharged 
dail}'. 

The  pulp  from  the  plates  is  classified  by  two  4.5-ft.  cones  put 
in  series  with  two  2-ft.  cones,  called  "  pulp-thickeners,"  giving 
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two  classified  products,  namely, — an  overflow  containing  about 
81  per  cent,  of  slime  and  representing  52  per  cent,  of  the  total 
mill-output,  and  a  discharge  containing  9  per  cent,  of  slime. 

The  discharge  of  the  pulp-thickeners  is  run  through  tube- 
mills,  where  from  40  to  50  per  cent,  of  the  sand  is  slimed,  ac- 
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cording  to  the  various  conditions  under  which  the  tube-mills 
are  working. 

The  pulp  discharged  by  the  tube-mills  joins  the  overflow 
from  the  four  cones  and  forms  a  final  product,  containing,  on 
an  average,  69  per  cent,  of  slime.  The  product  is  then  classi- 
fied and  handled,  as  shown  in  Figs.  1  and  2. 

The  final  result  is  to  separate  two  mill-products, — sand  and 
slime;  the  former  containing  about  20  or  25  per  cent,  of  slime, 
and  representing  about  35  per  cent,  of  the  rock  crushed,  and 
the  latter  containing  about  5  or  10  per  cent,  of  sand. 

2.  Classification  of  Mill- Products. — Numerous  sizing-tests  were 
made  to  determine  the  classification  wrought  by  the  cone,  spitz- 
kasten,  etc.,  and  to  measure  the  grinding-efiiciency  of  the  tube- 
mills. 

In  order  to  grasp  more  easily  the  meaning  of  the  numerous 
figures  thus  obtained,  a  graphic  method  of  representation  was 
resorted  to,  and,  wherever  possible,  this  method  has  been  used 
to  represent  all  the  other  tests  and  experiments. 

For  each  sizing-test,  a  small  diagram  was  drawn,  the  percent- 
age of  each  size  of  sand  being  emplo3'ed  as  an  ordinate  of  the 
diagram,  as  is  shown  in  Fig.  2.  The  coarser  the  sand,  the  more 
will  the  diagram  swell  to  the  left ;  on  the  other  hand,  a  perfect 
slime  will  be  represented  by  the  dotted  triangle  on  the  right, 
as  shown  in  the  legend  at  the  upper  left-hand  corner  of  Fig.  2. 
This  illustration  shows  also  the  handling  and  classification  of 
the  mill-pulp  from  Mill  No.  2.  The  small  sand-diagrams,  in- 
serted at  the  point  where  each  separation  comes  to  an  end, 
exhibit  the  transformation  produced  in  the  sand. 

The  method  of  classification  shown  in  Fig.  2  is  at  present 
undergoing  modification.  In  the  near  future  the  buckets  of 
the  sand-wheel  will  be  divided  into  two  compartments ;  one, 
for  elevating  the  coarse  sand  which  has  to  be  reground  in  the 
tube-mills,  and  the  other,  for  elevating  the  fine  sand  which  goes 
to  the  sand-receivers.  By  such  a  method  the  capacity  of  the 
sand-wheel  will  be  doubled.  The  spitzkasten  will  be  cut  out, 
and  cones  used  exclusively  for  classifying.  By  this  arrange- 
ment it  is  hoped  to  obtain  a  closer  separation  of  coarse  sand, 
fine  sand  and  slime, — a  condition  which  is  essential  for  eco- 
nomically regrinding  the  coarse  sand. 
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IV.  Relation  Between  Diameter  of   Sand-Grains 
AND  Extraction. 

The  relation  between  the  diameter  of  the  sand-grains  and 
the  maximum  possible  gold-  and  silver-extraction  by  the  cya- 
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nicle  process  has  been  taken  as  the  starting-point  in  the  deter- 
mination of  economical  Hmit  in  regrinding  the  sand. 

For  this  purpose  all  the  available  data  were  collected,  and 
several  sizing-assay  tests  were  made,  both  of  the  untreated 
pulp  and  of  the  tails.     These  data  have  been  plotted  in  Figs. 


Screen  sresh  Per  Linear  Inch 


Diameter  of  Sand  Grains  in  Hundredths  of  One  Millimeter 

Fig.  3. — Relation  Between  Diameter  of  Sand-Grains  and  Values  of 

Heads. 

3  and  4,'  the  former  giving  the  gold-  and  silver-values  of  the 
sand-grains   of  a  given  diameter  before   treatment ;    and  the 


^  In  these  diagrams  are  included  the  sizing-assay  tests  published  by  Charles 
Butters  and  E.  M.  Hamilton  in  their  valuable  paper,  "The  Cyaniding  of  Ore  at 
El  Oro,"  etc.,  Transactions  of  the  Institution  of  Milling  and  MetaUiwfjy,  October, 
1904. 
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latter,  the  values  of  the  same  grains  after  treatment,  as  well  as 
the  resuhing  average  gold-  and  silver-extraction. 

The  plotting  of  these  diagrams  was  rendered  possible  only 
by  the  reduction  of  all  the  assay-values  to  a  common  base, 
namely,  to  an  ideal  assay- value  of  the  original  pulp  of  $10  of 

Screen 'jresh  Per  Linear  Inch 


Diameter  of  Sand  Grains  in  Ilundreilths  of  One  filillimeter 

Fig.  4. — Relation  Betwee^^  Diameter  of  Sand-Grains,  Values  of  Tails 

AND  Extraction. 

gold  and  5  oz.  of  silver  per  ton.  This  assumption  is  justified 
by  the  fact  (verified  by  experiments)  that  the  values  of  the  tails 
are  in  linear  proportion  to  the  value  of  the  heads.  (A  high- 
grade  slime  will  give  a  somewhat  higher  extraction  than  a 
low-grade   one;    but  the  dift'erence  is  small.)     Therefore,  all 
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gold-values,  both  of  the  heads  and  the  tails,  were  multiplied  by 
|10  and  divided  by  the  gold-assay  value  of  the  untreated 
pulp;  and  the  silver-values  were  multiplied  by  5  oz.  and  di- 
vided by  the  silver-value  of  the  untreated  pulp. 

Examining  the  diagrams  of  the  values  of  the  heads  in  func- 
tion of  the  diameter  of  the  grains,  Fig.  3,  it  is  seen  that  the 
values  of  the  sands  decrease,  in  a  fairly  constant  way,  as  the 
size  of  the  grain  decreases,  until  a  diameter  of  0.15  mm.  is 
reached.  From  0.15  to  0.08  mm.  these  values  drop  rapidly, 
reaching  a  minimum  at  0.08  mm.  ;  then  they  rise  rapidly? 
being,  at  0.05  mm.,  far  above  the  average  value  of  the  pulp, 
and  afterwards  begin  to  drop  again  for  those  grains  which 
constitute  the  slime.  The  values  of  the  tails.  Fig.  4,  decrease 
proportionally  to  the  diameter  of  the  grain,  but  do  so  much 
more  rapidly  between  0.15  and  0.08  mm.  To  explain  this 
anomaly,  both  for  the  heads  and  for  the  tails,  the  intimate 
structure  of  the  ore  must  first  be  investigated. 

The  El  Oro  ore  is  a  verj'  hard,  compact  quartz,  in  which  the 
values  are  disseminated  in  a  remarkably  fine  state  of  division 
and,  locally,  in  a  very  uniform  way.  The  quartz  was  evidently 
deposited  from  aqueous  solutions,  and  probably  the  gold  and 
silver  were  precipitated  at  the  same  time  as  the  quartz.  The 
structure  of  the  quartz  is  micro-crystalline,  and  the  silver- 
minerals  and  the  gold  were  precipitated  between  the  faces  of 
the  elementary  quartz  crystals. 

The  structure  of  the  ore,  however,  is  remarkably  compact, 
and  therefore  practically  impermeable  to  the  solutions;  hence, 
only  those  minerals  can  be  brought  into  solution  which  are 
on  the  surface  of  the  sand-grains,  or  which  are  so  encased 
in  the  quartz  that  at  least  a  part  of  their  surface  is  exposed. 
Consequently,  the  maximum  extraction  must  be  proportional 
to  the  surface  of  the  ore  exposed  by  crushing;  or,  in  other 
words,  must  be  inversely  proportional  to  the  square  of  the 
diameter  of  the  grains.  It  follows  that  the  curves  representing 
the  average  gold-  and  silver-extraction,  in  relation  to  the  diam- 
eter of  the  grains,  ought  to  have  the  form  of  a  parabola,  and 
this  is  about  what  has  been  found  by  experiment,  as  can  be 
verified  by  Fig.  4. 

What  we  have  just  said  about  the  structure  of  the  ore  sug- 
gests another  consideration,  namely,  the  breaking-off  of  the 
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metallic  mineral  from  the  surface  of  the  sand-grains.  This 
breaking-off"  will  produce  an  impoverishment  of  the  sand-grains, 
which  will  be  so  much  more  sensible  as  the  diameter  of  the 
grains  becomes  smaller.  That  class  of  sand,  the  grain-diameter 
of  which  is  equal  to  the  diameter  of  the  elementary  quartz  crys- 
tals constituting  the  ore,  will  present  a  material  in  which  the 
greatest  part  of  the  metallic  minerals  will  be  subject  to  break- 
ing-oft"  from  the  quartz  crystals ;  or,  at  least,  will  be  most  com- 
pletely exposed  to  the  dissolving-action  of  the  cyanide. 

This  is  what  probably  happens  when  the  ore  is  crushed  to 
0.08  mm.  grains,  since  0.08  mm.  is  probably  the  average  di- 
ameter of  the  elementary  quartz  crystals. 

On  the  other  hand,  the  metallic  minerals  are  so  small  that 
they  can  almost  never  be  detected  by  the  naked  eye,  and,  there- 
fore, will  pass  easily  through  a  200-mesh  screen;  but,  owing  to 
their  high  specific  gravity,  they  will  hydraulically  separate  with 
the  very  fine  sand  passing  200-mesh. 

These  considerations  explain  satisfactorily  the  anomalies 
shown  in  all  the  curves  plotted  od  Figs.  3  and  4.  Perhaps 
other  explanations  will  be  found ;  but  one  fact  remains  beyond 
dispute,  namely,  that  both  the  gold-  and  silver-extraction  are 
greatly  increased  by  crushing  finer  than  0.10  mm.,  and,  as  the 
crushing  to  such  fineness  is  economically  possible  by  means  of 
tube-mills,  it  may  be  safely  said  that  the  economical  point  in 
regrinding  is  beyond  the  size  of  0.10-mm.  grains. 

V.  Sand-Index. 

From  the  foregoing,  the  maximum  possible  extraction  is  seen 
to  be  constant  for  each  size  of  sand-grains,  independently  of  the 
original  assay-value  of  the  pulp. 

It  is,  therefore,  easy  to  understand  that  we  can  safely  calcu- 
late, a  priori,  the  probable  gold-  and  silver-extraction  for  a  class 
of  sand  when  its  mechanical  composition  is  known  by  sizing- 
tests. 

To  do  this,  we  simply  have  to  multiply  the  percentage  of 
sand  retained  on  each  sieve  by  the  average  percentage-extrac- 
tion for  that  class  of  sand,  and  then  to  take  the  sum  of  all  the 
products  thus  obtained.  The  probable  percentage  of  extraction 
thus  calculated  is  what  we  shall  call  throughout  this  paper  the 
"  index  "  of  a  given  class  of  sand,  since  it  represents  a  number 
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proportional  to  the  lineDess  of  the  sand  considered  from  the 
economical  point  of  view.  To  be  perfectly  exact,  we  ought  not 
to  use  as  coefficient  the  percentage-extraction  shown  by  the  ex- 
traction-curves in  Fig.  4;  since  the  values  of  the  heads  are  not 
constant  for  the  different  sizes  of  grain.  Each  coefficient  ought 
to  be  raodilied  proportionately  to  the  ratio  between  the  assay- 
values  of  the  sand-grains  to  which  it  refers,  and  the  assay-value 
of  the  total  pulp ;  but  in  practice  the  sand-indexes  check  so 
closely  with  the  extraction  actually  obtained,  that  there  is  no 
need  to  complicate  the  calculations  in  this  w^ay. 

As  an  example,  w^e  give  the  calculation  of  the  sand-indexes 
for  the  281-ton  lot  of  sand  treated  in  test  "  T,"  Fig.  8. 


Table  I.— Sand-Indexes  of  281- Tons  Treated  by  Tesf'T:' 


Screens  used  ;  mesh .^ 

Per  cent,  sand  retained 

Av.  diameter  of  grains,  nitn. 

Per  cent,  probable  gold  ex- 
traction  

Percent,  probable  silver  ex- 
traction  

Product  of  per  cent,  sand  hy 
per  cent,  gold  extraction. 

Product  of  per  cent,  sand  by. 
percent,  silver  extraction. 


On 

40. 

0 

0.47 

On 
60. 

0.2 
0.33 

On 
80. 

1.0 
0.26 

On 
100. 

On 
150. 

On 
200. 

Thro' 
200. 

43.0 
0.04 

3.6 
0.14 

35.4 
0.10 

16.8 
0.09 

45 

53 

61 

68 

75 

80 

92 

17 

28 

42 

51 

59 

66 

79 

0 

0.10 

0.61 

2.44 

26.60 

13.44 

39.60 

0 

0.05 

0.42 

1.84 

20.90 

11.10 

34.00 

Total. 


100 


82.8 
68.3 


The  calculated  extractions,  or  sand-indexes,  are  : — gold,  82.8 ; 
silver,  68.3;  while  the  actual  extractions  in  test  "T"  were: — 
gold,  82.9;  silver,  69.5.  For  brevity,  we  shall  represent  the 
gold  index,  Au.  82.8,  and  the  silver  index,  Ag.  68.3. 

The  sand-indexes  have  a  great  importance  in  the  determina- 
tion of  the  economical  efficiency  of  the  tube-mills. 

Every  time  a  sand  passes  through  a  tube-mill  its  composition 
becomes  finer;  the  ground  product  will  yield  a  larger  propor- 
tion of  its  values  to  the  cyanide  treatment,  or,  in  other  words,  a 
certain  percentage  of  the  gold  and  of  the  silver  will  have  been 
freed  by  the  action  of  grinding.  This  percentage  represents 
the  gross  profits  obtained  by  the  work  done.  The  economical 
point  of  regrinding  wdll  be  reached  when  the  difference  be- 
tween the  total  values  freed  and  the  total  cost  of  regrinding 
will  be  but  a  few  cents.     This,  however,  does  not  mean  that  it 
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would  pay  to  slime  all  the  sand,  since  the  cost  of  grinding  in- 
creases rapidly  with  the  fineness  of  the  sand  to  be  reground. 

Fine  grinding  will  increase  the  total  ratio  of  slime  to  sand, 
and,  therefore,  would  apparently  tend  to  diminish  the  cost  of 
treatment  for  the  slime  and  increase  that  for  the  sand. 

This  result,  however,  does  not  correspond  to  the  practice,  as 
the  tonnage  of  sand  to  be  treated  on  the  200-ton  sand-treatment 
plant  will  be  kept  constant  by  sending  the  coarse  sand  of  the 
old  mill  to  the  new  plant  to  be  reground  and  treated.  Besides 
this,  there  are  about  500,000  tons  of  old  tailings,  containing 
about  $4.60  in  gold  and  2  oz.  of  silver  per  ton,  which  some 
day  will  have  to  be  reground  and  treated. 

YI.  Tube-Mills. 

At  present  there  are  three  tube-mills  in  use  at  the  new  plant, 
and  two  additional  ones  will  soon  be  added  for  grinding  the 
sand  of  the  old  mill.  The  mills  were  constructed  by  the  Fried. 
Krupp  Aktiengesellschaft  Grusonwerk,  of  Magdeburg,  Ger- 
many, and  the  principal  data  concerning  them  are  as  follows  : — 


Mill 

No.  3. 

No.  4. 

No.  5. 

Internal  diameter  of  drum 

Internal  length  of  drum 

Eevolutions  per  minute 

Pounds  of  pebbles  in  mill  when 
half  full 

47  in. 

19  ft.  6  in. 

32 

11,700 
100-120 
$2,910. 

59  in. 
23  ft. 
27.5 

21,800 

130-150 

?3,850. 

59  in. 
26  ft. 

28.5 

24  700 

Capacity  per  24  hr.,  tons 

Cost  of  mill 

150-1 SO 
$4,750. 

Bulk  of  pebbles  =  100  lb.  per  cu.  ft. 


The  tube-mills  are  set  on  concrete  foundations  and  held  in 
place  by  anchor-bolts.  Experience  thus  far  at  El  Oro  indicates 
that  the  foundations  cannot  be  made  too  solid.  The  mills, 
when  in  motion  and  heavily  loaded  with  pebbles,  bear  very 
heavily  on  the  foundations,  which,  owing  to  the  mechanical 
arrangement  of  the  mills,  cannot  be  made  on  the  top  as  Avide  as 
is  desirable.  The  cast-iron  bed-plates  have  a  tendency  to  dig 
into  the  cement,  and  it  is  advisable  to  enlarge  the  bearing-sur- 
face of  the  bed-plates  by  placing  larger  cast-iron  plates  under 
them.     A  piece  of  rubber  belt  placed  below  these  plates  will  be 
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found  to  be  advantageous.  The  vibrations  produced  by  tbe 
spur-gears  are  violent,  and  the  anchor-bolts  easily  crystallize 
and  break;  therefore,  pockets  are  advisable.  The  driving-pin- 
ion ought  to  revolve  in  such  direction  as  to  lift  the  gearing  of 
the  tube-mill,  and  press  down  on  its  own  bearing.  On  the  con- 
trary, it  is  continuously  pulling  on  the  anchor-bolts  of  the 
boxes,  thus  tending  to  loosen  the  nuts  and  to  break  the  bolts. 

ISTotwithstanding  this  objection,  we  can  safely  declare  that,  in 
our  opinion,  the  tube-mills  are  the  best  machines  tried  at  El  Ore 
for  the  fine  grinding  of  verj^  hard  quartz  sand. 

Of  the  three  tube-mills  in  use,  No.  3,  the  smallest,  has  given 
most  satisfaction  and  least  trouble.  Its  capacity  is  not  much 
below  that  of  the  other  two ;  but  the  cost  of  running  it  is  much 
smaller.  The  main  advantage  is  that  the  mill  is  comparatively 
light  and  compact,  and,  therefore,  seldom  gets  out  of  order. 
The  shut-down  of  one  mill  represents  a  great  loss  in  money; 
hence,  reliability  is  more  important  than  capacity. 

The  liners  are  kept  in  place  by  counier-sunk  bolts  passing 
through  the  shell.  When  a  liner  gets  worn  out  the  bolts  begin 
to  leak,  and  thus  give  notice  that  that  special  liner  needs  to  be 
replaced.  Such  leakage,  which  is  a  useful  indication  regarding 
the  liners,  ought,  however,  to  be  avoided  for  the  bolts  holding 
the  head-plates;  because  the  sand  leaking  from  behind  the 
bolts  will  move  by  centrifugal  force  towards  the  driving-gear, 
and  cause  a  rapid  wearing  of  the  cogs. 

The  three  tube-mills  are  placed  parallel  to  each  other,  and 
are  driven  by  belts  from  the  line-shaft  of  the  stamp-mill.  It 
would  be  of  great  advantage  to  have  positive  clutches  on  the 
pulleys  of  the  line-shaft,  as  any  repairs  necessary  to  the  belts  or 
to  the  driving-pulleys  of  the  tube-mills  require  the  shut-down 
of  the  whole  stamp-mill. 

The  pulp  from  the  stamps  is,  as  previously  mentioned,  classi- 
fied into  coarse  sand,  and  an  overflow  containing  81  per  cent, 
slime  and  some  fine  sand.  The  coarse  sand  can  be  sent  to  the 
head  of  any  of  the  three  mills,  or  divided  among  them.  The 
insufiiciently-ground  sand  leaving  the  mills  is  elevated,  sepa- 
rated from  the  fine  sand  and  slime,  and  can  be  likewise  re- 
turned to  any  of  the  three  mills,  or  divided  among  them. 
Figs.  5  and  6  give  two  diagrams  of  the  combination  generally 
used  in  grinding  and  regrinding  the  sand. 
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1.  Grinding- JEfficiency. — The  tube-mills  have  been  working  on 
sand  of  different  coarseness.  In  May  the  stamps  were  crush- 
ing through  40-mesh,  in  June  through  30-mesh,  and  latterly 
through  25-mesh  screen. 

About  150  sizing-tests  were  made  of  the  heads  and  tails.  It 
is  very  hard  to  discuss  the  results  of  such  work,  especially 
because  the  variable  factors  in  the  operation  of  grinding  vary 


Mill 
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Total  net  profit 
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Fig.  5. — Diagram  Showing  the  Method  of  Grinding  and  Regrinding 
Sand  in  Test  "O."     (August  13,  1905.) 


independently  of  each  other.  In  an  experimental  plant  it 
would  be  possible  to  vary  one  of  these  factors  alone  (such  as 
quantity  of  pebbles,  rate  of  feed,  ratio  of  water  to  sand,  etc.), 
and  note  the  relation  of  all  the  other  factors  to  the  variable 
one;  but  in  experimenting  with  a  working-plant  this  is  not 
practicable. 

For  the  same  reason  it  was  not  feasible  to  represent  graphi- 
vox,.  XXXVII.— 2 
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callj  all  the  results  obtained ;  heuce  we  have  been  obliged  to 
tabulate  them. 

The  understanding  of  the  tables  is  greatly  facilitated  by  the 
use  of  the  sand-indexes,  by  means  of  which  we  can  represent 
with  one  figure  (dollars  and  cents)  the  work  wrought  by  a  tube- 
mill  under  given    conditions.     "Without  the  sand-indexes  we 
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Fig.  6. 


-DiAGRAsr  Showing  the  Method  of  Grinding  and  Eegrinding 
Sand  in  Test  "R."     (August  17,  1905.) 


would  have  to  study  the  relation  of  14  numbers  among  them- 
selves. 

Economically,  our  only  interest  in  sand  is  to  know  the  value, 
in  dollars  and  cents,  that  can  be  extracted  from  it.  Some  grind- 
ing-machinery  may  produce  much  slime,  and  some  compara- 
tively coarse  sand ;  other  machines  may  be  poor  slimers,  but 
produce  a  large  percentage  of  very  fine  sand.  By  means  of  the 
sand-indexes  we  realize  immediatel}^  which  of  the  two  products 
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is  the  jduer,  considered  from  an  economical  point  of  view,  while 
at  times  it  would  be  impossible  to  do  so  by  simply  looking  at 
the  figures  given  by  the  sizing-tests. 

Tables  II.  to  V.  give  the  results  of  a  number  of  tests  made 
on  the  three  tube-mills.  The  factors  which  vary  and  influence 
the  efficiency  of  the  tube-mills  are  the  coarseness  of  the  heads, 
the  rate  of  flow,  and  the  amount  of  pebbles  in  the  mill.  The 
other  factors,  namely,  the  character  of  the  ore,  the  ratio  of  sand 
to  water,  size  of  pebbles,  etc.,  may  be  considered  to  have  re- 
mained constant  throughout  the  tests. 

The  moisture  of  the  pulp  fed  to  the  mills  averaged  from  50 
to  75  per  cent. 

In  Tables  II.  to  V.  the  coarseness  of  the  sand  is  represented 
by  the  gold-  and  silver-indexes ;  the  useful  work  done  by  the 
tube-mills  is  represented  by  the  increased  extraction  produced, 
by  the  gross  profit  per  ton  ground,  or  by  the  net  profit  obtained 
per  ton,  or  per  24  hr.,  of  continuous  run. 

In  Table  V.  are  given  the  sizing-tests  of  a  number  of  sands 
of  different  sand-indexes.  The  reader,  wishing  to  know  the 
composition  of  a  sand  having,  say,  a  gold  sand-index  of  84.9 
per  cent.,  can  refer  to  this  table,  and  get  a  fairly  exact  idea  of 
what  would  be  a  sizing-test  on  such  class  of  sand. 

Naturally,  there  is  an  endless  number  of  sands  of  a  given 
sand-index,  but  of  different  composition;  although,  with  the 
present  system  of  classifiers  in  use,  such  differences  are  alwaj's 
small. 

The  reader  can  also  refer  to  Fig.  2,  from  which  are  taken 
several  of  the  sizing-tests  given  in  the  Tables  II.  to  V. 

It  is  difficult  to  discuss  completely  the  results  tabulated  in 
Tables  II.  to  Y,,  owing  to  the  reasons  already  mentioned. 
However,  we  can  safely  assert,  that : — 

(1)  The  efficiency  increases  proportionally  to  the  amount  of  pebbles 
contained  in  the  mill,  as  may  be  seen : — 

In  Table  II.  by  comparing  Test  No.  2  with  Test  No.  6. 

In  Table  II.  by  comparing  Test  No.  5  with  Test  Nos.  9  and  12. 

In  Table  III.  by  comparing  Test  No.  2  with  Test  No.  8. 

In  Table  III.  by  comparing  Test  No.  6  with  Test  No.  9. 

In  Table  IV.  by  comparing  Test  No.  1  with  Test  No.  4. 

In  Table  IV.  by  comparing  Test  No.  2  with  Test  Nos.  5  and  6. 
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Table  II, — Showing  the  Efficiency  of  Tube-Mill  No.  3. 


No 

Tons 

per 

24  Hr. 

Pounds  of 
Pebbles 
in  Tube- 
Mill. 

Heads. 

Tails. 

Increased 
Extraction. 

Gross  Profit 
per  Ton. 

Total 
Net  Profit. 

Au. 

Ag. 

Per 
Cent. 
44.0 
45.7 
42.0 
42.9 
44.0 
47.4 
45.2 
46.2 
47.3 
47.5 
48.1 
50.0 
55.7 
54.5 
56.9 
56.5 
61.6 

Per 
Cent. 
Slime. 

Per 

Cent. 

5.7 

7.3 

8.8 

7.1 

7.5 

7.9 

8.2 

10.3 

7.8 

11.0 

7.9 

8.7 

13.3 

12.3 

14.0 

15.6 

20.3 

Au. 

Per 

Cent. 
81.7 
82.4 
82.0 
83.4 
86.0 
79.3 
85.9 
79.4 
82.1 
73  5 
81.3 
79.5 
80.2 
79.0 
79.4 
78.5 
80.0 

Ag. 

Per 

Cent. 
66.2 
67.3 
67.1 
66.7 
71.3 
63.6 
71.1 
63.7 
66.9 
56.5 
65.9 
64.0 
64.8 
64.0 
03.4 
63.0 
64.7 

Per 
Cent. 
Slime. 

Au. 

Per 

Cent. 

17.9 

17.6 

15.5 

20.0 

21.9 

12.9 

20.9 

15.8 

15.7 

6.4 

14.4 

12.0 

7.5 

7.5 

5.8 

5.2 

3.3 

Ag. 

Au. 

Ag. 

Per 
Ton. 

« 

1.47 
1.44 
1.33 
1.68 
1.87 
0.96 
1.77 
1.22 
1.25 
0.32 
1.11 
0.86 
0.41 
0.42 
0.23 
0.19 
0.03 

Per 
24  Hr. 

1 

130 
130 
135 
100? 

84 
130 

69 
100? 

93 
250 

75 

75 
140 
la^i 
135 
135 
170 

Per 
Cent. 
63.8 
64.8 
66.5 
63.4 
64.1 
66.4 
65.0 
63.6 
66.4 
67.1 
66.9 
67.5 
72.7 
71.5 
73.6 
73.3 
76.7 

Per 

Cent. 
44.5 
47.0 
50.6 
46.0 
62.0 
34.9 
61.3 
33.4 
44.5 
22.0 
42.4 
40.0 
39.0 
38.0 
33.0 
32.2 
37.0 

Per 

Cent. 

22.2 

21.6 

25.1 

24.6 

27.3 

16.2 

25.9 

17.5 

19.6 

9.0 

17.8 

14.0 

9.1 

9.5 

6.8 

6.5 

3.1 

$ 

1.43 
1.41 
1.24 
1.60 
1.75 
1.03 
1.67 
1.26 
1.26 
0.51 
1.15 
0.96 
0.60 
0.60 
0.46 
0.42 
0.26 

« 

0.38 
0.37 
0.43 
0.42 
0.46 
0.27 
0.44 
0.30 
0.33 
0.15 
0.30 
0.24 
0.15 
0.16 
O.ll 
0.11 
0.05 

191 

2 
3 
4 

12,000? 
11.200 

187 
180 
168 

5 
6 
7 
8 
9 
10 
11 

12,000? 

8,000? 
12,400? 

7,500? 
10,000 
11,000 

157 
125 
123 
122 
116 
80 
83 

12 
13 
14 
15 
16 
17 

9,000? 

8,300 
11,000 

9,500 
10,900 
11,000 

64 
67 
57 
31 
26 
-5 

Table  III. — Showing  the  Efficiency  of  Tube-Mill  No.  4. 


Tails. 


Increased 

Extraction. 

Au. 

Ag. 

Per 

Per 

Cent. 

Cent. 

18.8 

24.2 

19.6 

24.9 

20.7 

26.7 

10.3 

16.4 

22.7 

28.1 

19.3 

24.2 

16.1 

26.0 

16.3 

22.3 

17.1 

21.9 

11.8 

14.6 

6.3 

7.5 

Gross  Profit        Total 
per  Ton.       Net  Profit. 


Au. 


1.44 
1.57 
1.65 
0.82 
1.82 
1.54 
1.29 
1.30 
1.37 
0.94 
0.50 


Ag. 


0.41 
0.42 
0.45 
0.28 
0.48 
0.41 
0.44 
0,38 
0.37 
0.25 
0.13 


Per  Per 
Ton.  24  Hr. 


1.48 
1.62 
1.73 
0.73 
1.93 
1.58 
1.36 
1.31 
1.37 
0.82 
0.26 


f 

296 
243 
234 
197 
187 
185 
184 
182 
152 
111 

52 


Table  IV. — Showing  the  Efficiency  of  Tube-Mill  No.  5. 


No 

Tons 

per 

24  Hr. 

Pounds  of 
Pebbles 
in  Tube- 
Mill. 

Heads 

Tails. 

Increased 
Extraction. 

Gross  Profit 
per  Ton. 

Total 
Net  Profit. 

Au. 

Ag. 

Per 
Cent. 
Slime. 

Au.  1   Ag. 

Per 
Cent. 
Slime. 

Au. 

Ag. 

Au. 

$ 

1.41 

1.05 

1.64 

1.21 

0.99 

0.74 

1.94 

1.37 

1.90 

Ag. 

Per 
Ton. 

Per 
24  Hr. 

1 

2 

3 

4 

5 

6 

7* 

8* 

9* 

215 

274 

139 

215 

278 

274 

72 

52 

24 

26,800 

22,500 

19,900 

22,400 

20,000 

19,500 

22,000  ? 

22,000  ? 

22,000? 

Per 

Cent. 
66.3 
66.0 
58.9 
64.3 
59.7 
66.9 
62.9 
68.3 
65.7 

Per 
Cent. 
4.5.6 
46.7 
35.4 
44.2 
38.6 
49.5 
42.5 
45.0 
47.2 

Per 
Cent. 

13.5 
7.6 
7.6 
9.0 
9.6 

16.3 
8.0 

10.0 

12.0 

Per 
Cent. 

84.0 
79.1 
79.4 
79.4 
72.1 
76.2 
87.1 
85.4 
89.5 

Per 
Cent. 
69.0 
63.3 

64.4 
63.1 
,54.8 
60.9 
72.6 
71.0 
75.7 

Per 
Cent. 
53.5 
35.1 
41.2 
36.8 
22.8 
31.6 
70.0 
61.0 
83.4 

Per 
Cent. 
17.7 
13.1 
20.5 
15.1 
12.4 

9.3 
04  2 
17!! 
23.8 

Per 
Cent. 
23.4 
16.4 
29.0 
18.9 
16.2 
11.4 
30.1 
26.0 
28.5 

$ 

0.40 
0.28 
0.49 
0.31 
0.27 
0.19 
0.51 
0.44 
0.48 

$ 

1.41 
0.93 
1.73 
1.12 
0.86 
0.53 
1.91 
1.00 
1.31 

8 

303 
255 
241 
241 
239 
145 
138 
52 
31 

*  Test  by  E.  M.  Hamilton,  TYansactions  of  the  Institute  of  Mining  and  Metallurgy,  October,  1904, 
pp.  13, 16,  22. 
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Table  V. — Sizing-  Tests  of  Sands  of  Different  Sand- Indexes. 


Sand- 
Indices. 


Au.      Ag. 


58.4 
63.4 
65.5 
67.5 
69.2 
71.5 
72.8 
74.1 
76.5 
78.5 
80.1 
81.3 
82.4 
83.4 
84.4 
84.9 
87.8 
89.9 
91.3 


36.6 

43.1 

48.4 

50.0 

51.6 

54.5 

56.1 

57.8 

61.0 

I  63.0 

i  64.6 

'  65.9 

I  67.3 

;   68.6 

!  69.7 

70.3 

73.2 

75.8 

78.0 


Sample  from  Where  Taken. 


Discharge  pulp  thickeners.. 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  3 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  4 

3d  plug  of  spitz  No.  1 

Sand  collected 

Tails  Tube-Mill  No.  3 

Tails  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  3 

Tails  Tube-Mill  No.  3 

Tails  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  4 

4th  plug  spitz  No.  2 

Slime  collected 

Slime  collected 


40 


31.9 
7.5 
1.8 
1.9 
1.4 
1.1 


0.2 


0.1 
0.1 


On 


60 


22.9 
28.0 
14.2 
14.9 
12.8 
8.6 
0.7 
3.6 
0.1 
1.1 
1.7 
1.3 
1.2 
0.2 
0.2 
0.1 


80 


12.6 

24.5 

21.0 

26.0 

22.7 

14.3 

9.8 

11.9 

2.9 

7.8 

7.3 

5.9 

2.8 

2.3 

1.8 

0.8 

0.5 


100       150       200 


7.9 

12.0 

15.2 

15.4 

16.3 

16.0 

14.5 

16.8 

8.6 

10,1 

11.0 

7.1 

5.4 

4.5 

4.1 

3.8 

0.3 

0.3 


14.4 
20.3 
27.0 
27.4 
26.7 
42.1 
51.0 
44.0 
52.5 
39.2 
30.8 
81.5 
34.2 
27.8 
26.1 
25.7 
19.2 
8.6 


2.2 

2.9 

5.7 

4.8 

5.4 

5.0 

9.3 

6.4 

12.5 

9.5 

11.4 

11.8 

9.3 

13.8 

12.4 

13.2 

14.7 

6.9 

5.0 


200 


7.6 
4.8 
10.0 
8.7 
13.6 
12.3 
14.3 
16.6 
24.2 
32.2 
38.0 
42.4 
47.0 
51.0 
55.4 
56.5 
66.5 
84.6 
95.0 


(2)  The  efficiency  increases  with  the  coarseness  of  the  sand  fed  to 
the  mill,  as  may  be  seen : — 

On  Table  II.  by  comparing  Test  No.  3  with  Test  No.  14. 
On  Table  II.  by  comparing  Test  No.  13  with  Test  No.  17. 
On  Table  III.  by  comparing  Test  No.  3  with  Test  No.  7. 
On  Table  III.  by  comparing  Test  No.  1  with  Test  No.  11? 
On  Table  III.  by  comparing  Test  No.  2  with  Test  No.  10. 
On  Table  lY.  by  comparing  Test  No.  5  with  Test  No.  6. 

(3)  The  efficiency  decreases  'proportionally  to  the  rate  of  feed,  as 
may  be  seen  : — 

On  Table  II.  by  comparing  Test  No.  2  with  Test  No.  5. 

On  Table  II.  by  comparing  Test  No.  3  with  Test  No.  10. 

On  Table  III.  by  comparing  Test  No.  5  with  Test  No.  1. 

On  Table  III.  by  comparing  Test  No.  1  with  Test  No.  2. 

On  Table  IV.  by  comparing  Test  No.  2  with  Test  No.  9. 

On  Table  IV.  by  comparing  Test  No.  3  with  Test  No.  5. 

Regarding  the  net  profit  per  day  given  by  a  mill,  it  varies 
with  the  variation  of  the  three  factors  just  mentioned.  It  is 
difficult  to  say  under  which  conditions  the  mills  are  doing  the 
most  satisfactory  work,  since  it  greatly  depends  upon  the  main 
object  of  a  plant,  whether  it  is  to  produce  a  large  amount  of 
money  or  to  obtain  a  high  efficiency. 

Regarding  high  efficiency  as  the  main  object,  it  is  important 
not  to  try  to  get  a  very  fine  product  at  the  first  operation  by 
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reducing  the  feed  below  3  tons  an  hour.  It  is  far  better  some- 
what to  overcrowd  the  mills,  to  separate  the  slime  and  fine 
sand,  and  to  return  the  insufiiciently-ground  sand  to  the  mills. 
The  returning  sand  can  be  classified,  by  means  of  cones,  to  any 
desired  degree  of  fineness  or  coarseness. 

Let  us  now  suppose  the  coarse  sand  from  the  stamps  to  be 
ground  or  reground  by  two  tube-mills  placed  in  series,  yield- 
ing a  final  product  which,  classified,  will  give  69  per  cent,  of 
slime  and  31  per  cent,  of  sand  ;  89  per  cent,  of  the  sand  will  pass 
100-mesh,  and  53  per  cent,  will  remain  on  150-mesh  (Table  IL, 
Test  No.  17).  If  we  run  this  sand  through  a  tube-mill  the  in- 
creased extraction  will  hardly  pay  for  the  cost  of  regrinding. 

Suppose,  then,  we  take  the  same  coarse  sand  from  the  stamps 
and  feed  it  very  slowly  to  a  tube-mill  so  as  to  obtain  a  very  fine 
product.  We  shall  have  the  mill  doing  two  distinct  things, 
namely,  first,  breaking  up  the  coarse  sand-grains  to  150-mesh 
grains,  and  second,  grinding  such  small  grains  to  finer  ones. 

iSTow,  we  know  that  the  second  operation  does  not  give  a 
profit;  and,  therefore,  it  is  more  profitable  to  overcrowd  the 
mill  and  get  the  fine  sand  through  as  quick  as  possible,  than  to 
separate  the  fine  sand  and  slime  and  to  return  to  the  mill  only 
that  sand  which  it  is  profitable  to  grind. 

This  does  not  mean,  however,  that  the  El  Oro  ore  cannot  be 
ground  economically  finer  than  through  a  100-mesh  screen. 

With  the  present  system  of  classification  by  spitzkasten  and 
cones,  the  fine  return  sand  cannot  be  fed  to  the  mills  with  less 
than  about  70  per  cent,  of  moisture,  and  fine  sand  needs  to  be 
ground  in  the  state  of  a  thick  pulp,  while  the  coarse  sand  can 
be  ground  in  a  state  of  greater  dilution. 

We  have  seen,  previously,  that  the  value  of  the  tails  drops 
rapidly  for  sands  which  will  pass  a  150-mesh  sieve,  and,  there- 
fore, it  is  most  important  (and  probably  will  prove  to  be  eco- 
nomical) to  grind  beyond  that  limit. 

2.  Pebble- Consumpiion. — The  pebbles  used  at  El  Oro  are  the 
so-called  "Danish"  pebbles,  and  cost  $36.80  per  ton  brought 
to  the  mill. 

Tube-mill  No.  3  shows  an  average  consumption  of  3.7  lb.  of 
pebbles  per  ton  of  sand  passing  through.  Tube-mill  No.  5 
shows  a  consumption  of  3.9  lb.,  and  No.  4  of  9.2  lb.  The  aver- 
age consumption  for  the  last  4  months  has  been  5  lb.  per  ton. 
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The  reason  No.  4  consumed  more  than  twice  as  much  as  the 
other  two  mills  is,  that  the  fine  sand,  returning  to  be  reground, 
was  chiefly  fed  to  this  mill. 

3.  Liners. — The  former  liners  came  from  Germany,  but  at 
present  all  the  liners  are  made  in  the  foundry  of  the  El  Oro 
Mining  &  Railway  Co.,  Ltd.  These  last  as  long  as  the  imported 
ones,  and  cost  about  one-half  as  much. 

The  consumption  of  liners  is  about  1.2  lb.  per  ton  of  sand 
ground,  but  accurate  figures  are  not  available  at  present. 

Table  VI.  shows  the  wear  of  one  set  of  Krupp  liners.  It  is 
interesting  to  note  how  much  greater  is  the  rate  of  wearing 
near  the  feed-end  of  the  mill,  indicating  that  the  greater  part 
of  the  work  is  done  in  the  first  half  of  the  mill. 

Table  VI. — Conswnptmi  of  Liners  in  Tube-Mill  No.  3. 


Date. 

1905. 


May  3 Mill 

June  29 

Julv  3 

July  6 

July  12 

July  13 

July  14 

July  19 

July  25 

July  30 

August  15 

August  16 


Total. 


Number  of  Liners  Changed 

in  the 

Head- 
Plates. 

1st  Row. 

2d  Row. 

3d  Row. 
with 

4th  Row. 

Mill 

started 

new  set 

of 

1 

2 

i         2 

I         ^ 

'7 

I 

""I' 

...„. 

3 

4 

4 
1 
3 

...„. 

2 

6 

i 

13 

13 

10 

10 

6 

Sundry. 


liners. 


1  manhole. 
1  screw. 


1  screw. 


Note. — On  August  16th,  head-  and  tail-plates  were  practically  worn  out. 


Two  tube-mills  have  been  ordered  for  grinding  the  sand  of 
Mill  No.  1 ;  these  will  be  provided  with  silex  liners. 

4.  Cost  of  Grinding. — The  cost  of  grinding  by  tube-mills  has 
been  calculated  per  ton  of  sand  actually  passing  through  the 
tube-mills  during  the  last  4  months'  run.  The  costs  of  grind- 
ing recorded  in  Tables  IX.  and  X.  are  given  per  ton  of  sand 
and  per  ton  of  slime  treated,  and,  therefore,  diflier  considerably 
from  those  in  Tables  VII.  and  VIII. 

During  the  month  of  August,  5,170  tons  of  sand  were  run 
through  the  tube-mills,  out  of  the  10,778  tons  crushed  by  the 
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stamps,  and  72  per  cent,  of  these  5,170  tons  were  returned  to 
the  tube-mills  to  be  reground.  The  total  amount  of  sand 
ground  was  8,890  tons. 

Table  VII. —  Cost  of  Grinding  and  Hegrinding  by  Tube-Mills 
Per  Ton  of  Sand  Actually  Passing  through  the  Mills. 


Items. 


Tube-Mill 
No.  5. 


Depreciation  of  capital  (3  years) 

Pebble  consumption   @  5  lb.   per  ton 

ground 

Liners  consumption  @  1.2  lb.  per  ton 

ground 

Power  (steam)  @  $168  per  year 

Power  (electric)  @  §62.50  per  year 

Repairs 

Belting  (2  years) 

Labor  @  $3.50  per  day 

Supplies 

Total  cost  per  ton  ground  (steam) '       $0,398 

Total  cost  per  ton  ground  (elect,  pow. )        $0,285 


$0,036 

0.092 

0.041 
0.180 
(0.067) 
0.024 
0.003 
0.007 
0.015 


Tube-Mill 
No.  4. 


$0,037 

0.092 

0.041 
0.148 
(0.055) 
0.024 
0.003 
0.007 
0.015 


Tube-Mill 
No.  3. 


$0,037 
0.092 

0.041 

0.118 
(0.044) 
0.024 
0.003 
0.007 
0.015 


$0,367 
$0,274 


$0,337 
$0,263 


mech.    supt.  ;  supt.    and 


Note:  Belts  ;  140  ft.  of  24-in.  belt  per  mill. 

Labor :   per  day,   2  peones  ;   1  mechanic 
shift-bosses,  proportional  part. 
Liners  @  $0,034  per  pound. 
Pebbles  @  $0.0184  per  pound. 

The  costs  given  in  Table  VII.  represent  the  average  costs  of 

grinding  and  regrinding.     It  was  not  possible  to  determine 

separately  the  exact  cost  of  grinding  the  coarse  sand  from  the 

batteries  and  the  fine  sand  from  the  return  cone,  owing  to  the 

frequent  necessity  in  the  plant  of  switching  one  flow  or  the 

other  from  one  mill  to  another.     We  may  observe,  however, 

that  the  cost  of  grinding  fine  sand  is  far  greater  than  the  cost 

of  grinding  coarse  sand,  owing  to  the  reduced  efiiciency  of  the 

mills,  and  the  greater  wear  of  pebbles  and  liners,  in  the  former 

case. 

VII.  Slime-Treatment. 

The  slime-pulp,  overflowing  from  the  hj'draulic  classifiers,  is 
composed  of  about  1  part  of  slime  to  12  parts  of  mill-water. 
The  pulp  flows  directly  to  the  steel  treatment-tanks,  12  ft.  in 
height  and  34  ft.  in  diameter,  entering  at  the  center  through  a 
wooden  box,  so  arranged  as  to  break  the  force  of  the  flow. 
Caustic  lime  is  added  to  the  mill-pulp,  just  before  it*  enters  the 
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tube-mills,  in  the  proportion  of  12  lb.  of  lime  per  ton  of  ore. 
The  slime  settles  completely,  and  the  clear  mill-water  overflows 
and  is  pumped  back  to  the  mill  storage-tanks. 

Each  slime-charge  consists  of  from  62  to  85  tons  (average  76 
tons)  of  dry  slime;  and  it  takes  about  12  hr.  to  collect  the 
charge  when  100  stamps  are  crushing  through  30-raesh,  and 
when  one  tube-mill  alone  is  used  for  regrinding  the  sand; 
while  it  takes  about  9  hr.  when  40-mesh  battery-screens  are 
used,  and  when  two  tube-mills  grind  and  regrind  the  coarse 
sand  ;  and  it  takes  only  5.5  hr.  when  crushing  through  25-mesh, 
and  keeping  three  tube-mills  at  work. 

When  a  charge  is  completed,  the  slime  is  allowed  to  settle 
for  8  hr.,  at  the  end  of  which  a  76-ton  charge  will  have  caked 
down  to  a  depth  of  50  inches.  The  pulp  has  an  average  specific 
gravity  of  1.39,  and  will  contain  about  53  per  cent,  of  water. 

The  clear  mill-water  is  decanted  as  the  settling  takes  place, 
thus  avoiding  any  delay  when  the  settling  is  considered  to  be 
complete.  Lately,  a  larger  percentage  of  very  fine  sand  has 
been  sent  over  with  the  slime,  causing  a  far  greater  rate  of  set- 
tling of  the  slime. 

The  pulp  is  then  set  in  agitation  by  a  mechanical  agitator, 
consisting  of  a  horizontal  wooden  cross  revolving  in  the  center 
of  the  tank,  14  in.  from  the  bottom,  and  at  a  speed  of  7  rev. 
per  minute.  Two  arms  of  this  cross  are  15  ft.  long,  and  two 
are  7  ft.  long.  When  the  whole  pulp  is  once  set  in  rotation  it 
takes  about  6  h.p.  to  keep  up  the  movement. 

Ten  minutes  after  the  agitation  has  begun,  a  valve  at  the 
bottom  edge  of  the  tank  is  opened,  and  the  pulp  put  into  cir- 
culation by  a  Gwynne  centrifugal  pump,  which  elevates  the 
pulp  and  throws  it  back  to  the  center  of  the  tank.  Compressed 
air  is  fed  near  to  the  inlet  of  the  pump  to  aerate  the  pulp. 
These  centrifugal  pumps  do  excellent  work ;  but  the  cost  of 
operating  them  is  high,  as  they  consume  14  h.p.  The  pump 
has  to  run  14.25  hr.  for  the  complete  treatment  of  each  charge 
of  slime.  Reckoning  the  h.p-year  at  $150,  the  total  cost  of 
the  pump-agitation  is  $0.14  per  ton  of  slime. 

When  the  pulp  has  been  thoroughly  mixed,  it  is  sampled 
and  the  specific  gravity  is  determined,  so  as  to  calculate  the 
weight  of  each  charge.  Cyanide  solution  is  then  added  to  the 
pulp,  and  the  treatment  of  the  slime  carried  on. 
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The  treatment  followed  at  El  Oro  until  July,  1905,  graphi- 
cally shown  in  Fig.  8,  consists  of  4  washes;  but  it  was  some- 
what modified  after  the  results  of  the  tests  to  be  described  later. 

1.  Preliminary  Test  No.  1. — The  first  test  made  was  to  follow 
closely  one  slime-charge  throughout  its  treatment,  taking  slime- 
and  solution-samples  every  few  hours,  and  keeping  track  of  all 
the  data  which  could  have  a  bearing  on  the  process  of  extrac- 
tion.    The  results  thus  obtained  were  plotted  in  Fig.  7. 

A  few  words  on  the  methods  followed  in  the  graphic  repre- 
sentation of  an  extraction-test  will  be  found  useful.  For  each 
test  are  given  seven  curves,  representing  the  variations  of  the 
following  data  in  function  of  the  time  : — 

1.  Undissolved  gold-values  contained  in  the  slime. 

2.  Undissolved  silver- values  contained  in  the  slime. 

3.  Percentage  of  absolute  gold-extraction. 

4.  Percentage  of  absolute  silver-extraction. 

5.  Ratio  of  weight  of  slime  to  weight  of  solution. 

6.  Strength  of  solution  in  per  cent,  of  KCiST. 

7.  Pounds  of  KCI^  consumed  per  ton  of  slime,  since  the  be- 
ginning of  the  treatment. 

The  first  4  curves  are  grouped  in  one  diagram,  the  3  latter 
in  a  second  one,  placed  below  the  first.  Both  diagrams  have, 
as  common  abscissae,  the  time  elapsed  since  the  first  moment 
the  charge  began  to  settle  and  collect  in  the  treatment-tank. 
The  time  (as  abscissae)  is  given  in  two  units,  days  and  consecu- 
tive hours:  in  the  scale  of  the  original  blue  prints, it  was  15  hr. 
to  the  inch.  The  units  of  the  ordinates,  following  the  curve 
they  refer  to,  are  given  by  the  scales  on  the  sides  of  the  dia- 
grams. On  the  upper  part  of  the  diagram,  heavy  bars  mark  the 
periods  of  time  during  which  the  pulp  was  kept  in  agitation 
by  means  of  the  mechanical  agitator,  or  by  means  of  the  Gwynne 
pump. 

In  Fig.  7  we  can  closely  follow  the  process  of  extraction  as 
it  was  practiced  in  the  new  plant  up  to  July,  1905. 

During  the  first  15  hr.  the  charge  is  collecting  and  settling; 
the  settling  continues  until  the  29th  hour  when,  the  mill-water 
having  been  decanted,  the  mechanical  agitation  is  started,  and 
soon  followed  by  the  pump-agitation.  Up  to  the  31st  hour  the 
gold-  and  silver-values  in  the  slime  are  considered  to  have  re- 
mained constant.     At  the  31st  hour  183  tons  of  0.034-per  cent. 
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Sf  FllliiJi!|  Sellliag  First  Solution      "  2nd.  Solut.  Snd.  Solu^  tod.  Solut.  4  Final  Settling  in  Deep  E«ttlei 


Assay-returns  marked  by  -^. 
Summary. 


Quantity  of  slime  treated, 
Original  assay-value,     . 

Absolute  gold-extraction, 
Absolute  silver- extraction, 
Actual  gold-extraction. 
Actual  silver-extraction, 
Absolute  total  extraction, 
Actual  total  extraction. 

Assay-values  of  tails,    . 


f   ,      /  disso 
I  I  undis 


!  As:. 


dissolved,  . 
ndissolved, 
/  dissolved,  . 
I  undissolved, 


KCN  consumption,  per  ton  of  slime,     . 
Chemicals  :  lead  acetate  per  ton  of  slime, 
Quantity  of  solution  used,    . 
Quantity  of  solution  precipitated, 
Total  time  of  treatment  in  slime-tanks. 


94.  ^  tons. 

r  Au.  $8.40 
t  Ag.  §2.30 
95. 6  per  cent. 
84.8  per  cent. 
91.0  per  cent. 
77.4  per  cent. 
93.3  percent. 
88.0  percent. 
$0.39 
$0.37 
$0.17 
$0.35 
0.96  lb. 
0.443  lb. 
586  tons. 
403  Ions. 

80  hours. 


Notes 


Gold  at  $20.67.     Silver  at  $0.50. 

Fig.  7. — Extraction  Test  No.  11,  on  Slime  at  Mill  No.  2. 
(June  6  to  14,  1905.) 
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KCN  solution  were  added,  and  the  double  agitation  kept  up 
until  the  56th  hour.  As  soon  as  the  cyanide  comes  in  contact 
with  the  slime,  the  gold  begins  to  pass  rapidly  into  solution, 
while  the  silver  appears  to  be  but  slightly  affected.  The  rate 
of  dissolution  of  the  gold,  while  great  at  the  beginning,  soon 
slacks  off;  and,  if  the  first  wash  should  be  carried  on  indefinitely, 
the  curve  of  undissolved  gold-values  would  tend  to  become  a 
horizontal  line  somewhere  after  the  100th  hour.  The  silver- 
values,  on  the  contrary,  decrease  in  an  almost  linear  way,  as  is 
also  verifie<:l  in  the  later  experiments.  It  may  be  noticed  that 
the  gold-  and  silver-extraction  proceeds  continuously,  even 
during  the  periods  of  settling. 

From  the  66th  to  the  69th  hour,  the  first  solution  is  de- 
canted, and  at  the  71st  hour  a  second  addition  of  0.034-per 
cent.  KCN"  solution  is  added  and  mixed  to  the  slime-pulp. 
During  the  first  two  hours,  the  gold  is  shown  to  be  again  rap- 
idly dissolving,  while  the  silver  is  practically  unaft'ected.  At 
the  73d  hour  lead  acetate  was  added  to  the  charge  in  the  pro- 
portion of  0.44  lb.  of  lead  acetate  per  ton  of  dry  slime.  The 
lead  acetate  was  added  in  form  of  crystals,  and  hung  in  a  sack 
of  cocoa  matting  at  the  center  of  the  tank,  where  it  was  struck 
by  the  flow  of  the  pulp  discharged  by  the  circulating  pump. 
Its  effect  on  the  gold-  and  silver-extraction  is  quite  remarkable. 
The  gold-values  rapidl}^  fall  to  60c.,  coming  near  to  their  lowest 
possible  limit,  which  is  a  function  of  the  average  diameter  of 
the  grain,  and  which  limit  for  a  95-per-cent.-through-200-mesh 
slime  is  about  55c.  on  an  original  assay-value  of  |9  for  the 
pulp. 

The  silver- values  have  also  a  rapid  but  somewhat  less  accen- 
tuated drop,  and  continue  to  decrease  throughout  the  whole 
trea'tment.  Even  after  196  hours'  treatment  there  will  be  some 
silver  still  passing  into  solution;  and,  at  the  moment  of  the  dis- 
charge, about  30  per  cent,  of  the  undissolved  silver  in  the  tails 
could  still  be  dissolved.  This,  however,  could  not  be  done  with 
profit. 

The  attempt  has  been  made  to  treat  both  sand-  and  slime- 
tailings  with  nitric  acid,  and  then  with  aqua  regia ;  and  these 
tests  have  confirmed  the  results  obtained  by  Mr.  S.  H.  Pearce,^ 

-  S.  H.  Pearce,  Transactions  of  the  Institution  of  Mining  and  Metallurgy,  October 
20,  1904,  p.  46. 
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namely,  that  only  a  few  cents  in  gold  and  about  0,2  oz.  of  silver 
per  ton  can  still  be  brought  into  solution  by  such  treatment. 
From  the  diagrams  it  is  easy  to  see  that,  after  the  second  wash, 
the  gold-extraction  comes  practically  to  a  stand-still,  while  the 
silver-extraction  proceeds,  though  at  a  decreasing  rate. 

After  the  second  solution  had  been  decanted,  two  other  washes 
were  given  to  the  slime ;  and  with  the  fourth  wash  the  slime  was 
pumped  over  to  the  deep  settlers,  which  are  iron  tanks,  20  ft. 
deep  and  34  ft.  in  diameter,  where,  gradually  settling,  it  caked 
down  to  39  per  cent,  of  moisture.  Then  it  was  discharged  into 
the  creek. 

In  practice,  however,  it  was  found  almost  impossible  to  give 
a  fourth  wash  to  the  slime,  because  the  plant  was  overcrowded. 
Hence,  it  was  necessary  to  pump  over  with  the  slime  the  third 
solution,  thus  discharging  into  the  creek  the  completely  treated, 
but  insufficiently  washed,  slime. 

Concerning  the  consumption  of  KCN,  we  notice  from  the 
diagram  that  it  is  very  great  at  the  beginning  of  each  wash,  by 
reason  of  the  dissolution  of  the  gold  and  silver  and  the  com- 
plex action  of  the  cyanicides.  All  the  experiments  show  that 
there  is  some  loss  in  cyanide  every  time  a  solution  comes  in 
contact  with  the  ore,  even  when  all  the  values  have  already 
been  brought  into  solution ;  and  the  loss  in  cyanide  is  propor- 
tional to  the  strength  of  the  solution  used.  Therefore,  the 
values  ought  to  be  dissolved  in  the  shortest  time  possible,  so  as 
to  reduce  the  losses  in  cyanide  to  the  first  few  strong  solutions 
used. 

When  the  dissolution  is  economically  complete,  the  succeed- 
ing washes  will  be  carried  on  with  the  sole  purpose  of  washing 
out  the  values.  The  wash-water  is  certain  to  become  enriched 
with  cyanide  (which,  by  the  way,  is  necessary  for  the  precipita- 
tion in  the  zinc-boxes) ;  but  the  loss  of  cyanide  in  the  wash- 
water  will  be  small,  owing  to  the  weakness  of  the  solution.  It 
is  obvious  that  the  cyanide-loss  by  discharging  the  tailings  will 
be  similarly  reduced. 

2.  Prelimmary  Test  No.  2. — A  second  test  was  carried  on 
contemporaneously  with  the  one  just  described,  and  the  results 
were  almost  identical.  In  this  test,  however,  the  first  solution 
used  was  stronger  and  the  gold-extraction  more  rapid.  The 
pumping  and  aeration  during  the  first  wash  were  suspended  for 
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12  hr.  after  the  charge  and  solution  had  become  thoroughly 
mixed,  and  then  started  up  again  for  13  hours.  The  renewed 
aeration  seems  to  mark  an  acceleration  in  the  gold-extraction, 
though  the  drop  of  the  tail-values  is  rerj  close  to  the  limit  of 
error  in  sampling  and  assaying.  Aeration  is  indispensable  for 
rapid  extraction ;  but  this  fact  does  not  involve,  as  a  conse- 
quence, the  necessity  of  aerating  the  pulp  during  the  whole 
period  of  agitation.  The  solution  will  rapidly  absorb  the  maxi- 
mum of  oxygen  soluble  in  it,  and  after  one  hour's  pumping  it 
will  retain  sufficient  air-bubbles  in  emulsion  to  act  as  an  oxygen- 
stora2:e  for  a  certain  leno:th  of  time. 

3.  First  Modification  of  Slime- Treatment. — The  tests  described 
in  the  preceding  pages  have  shown  us  the  marked  action  of  the 
lead  acetate  on  the  rate  of  dissolution  of  the  gold-  and  silver- 
values.  Two  further  tests  were  made  to  determine  whether  it 
would  be  possible  to  complete  the  process  of  gold-  and  silver- 
solution  during  the  first  wash  by  adding  chemicals  at  an  earlier 
period  of  the  treatment.  The  results  of  one  of  these  tests  are 
given  graphically  in  Fig.  8. 

In  this  test  the  lead  acetate  was  added  11  hr.  after  the  first 
cyanide  solution  had  come  in  contact  with  the  slime.  During 
these  11  hr,  the  gold-extraction  proceeds  in  a  way  similar  to 
the  one  noticed  in  the  test  previously  described.  The  silver- 
extraction  is  somewhat  more  rapid,  a  fact  which  may  depend 
on  some  lead  acetate  being  contained  in  the  unprecipitated 
solution  used  as  first  wash.  The  addition  of  the  lead  acetate 
produces  a  sudden  rapid  extraction  of  the  gold,  and  a  far  less 
accentuated  one  of  the  silver.  In  fact,  the  silver-values  drop 
in  an  almost  straight  line  throughout  the  whole  treatment,  in- 
dependently of  whether  the  slime  is  agitated  or  settling. 

It  is  easy  to  see  from  the  diagram  that  the  first  wash  could 
just  as  well  have  been  cut  off"  at  the  35th  hour;  and  the  12  hr. 
included  between  the  35th  hour  and  the  end  of  the  first  wash 
could  have  been  used  for  giving  an  extra  wash  to  the  charge. 

This  would  have  saved  about  17c.  per  ton,  by  lowering  the 
values  in  solution  in  the  final  wash.  After  the  58th  hour  the 
slime  was  twice  washed,  as  rapidly  as  the  settling  of  the  slime 
would  allow,  and  then  it  was  pumped  over  to  the  deep  settlers 
with  its  fourth  wash- solution. 

Contemporaneously  with  this  test,  a  second  test  was  made  in 
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Total  time  of  treatment  in  slime-tanks, 

Notes. 
Gold  at  $20.67.     Silver  at  |0.50. 

Fig.  8.— Extraction  Test  No.  14,  on  Slime  at  Mii>l  No.  2 
(June  16  to  22,  1905.) 
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which  mercuric  cliloride  was  used  instead  of  lead  acetate.  In 
this  case  the  agitation  and  aeration  with  the  centrifugal  pump 
w^as  dispensed  with  as  much  as  possible.  After  the  charge  had 
been  thoroughl}'^  mixed  for  one  hour,  the  agitation  was  carried 
on  for  29  hr,,  merely  keeping  the  pulp  in  rotation  by  means 
of  the  mechanical  stirrers. 

During  the  first  3.5  hr.,  after  the  solution  came  in  contact 
with  the  slime,  the  dissolution  of  gold  proceeded  as  rapidly  as 
in  the  test  previously  described.  The  silver-extraction  seems 
to  be,  as  before,  rather  rapid.  After  3.5  hours'  treatment,  mer- 
curic chloride  w^as  added  by  suspending  16  lb.  of  HgClj  in  a 
loosely-woven  sack  near  the  rim  of  the  tank.  The  mercuric 
chloride,  which  was  in  broken  pieces  (some  being  as  large  as 
an  Qgg),  dissolved  very  slowly;  after  10  hr.  about  one-third  of 
it  was  still  undissolved.  The  action  of  the  mercuric  chloride 
proved,  however,  to  be  exceedingly  rapid,  even  with  the  small 
amount  of  it  which  could  have  dissolved  during  the  first  3  hr. 
that  it  hung  in  the  tanks.  Ten  hours  after  the  first  lot  of 
HgCl  had  been  added,  a  further  addition  of  2  lb.  of  HgCl^  was 
made;  but  this  addition  seems  to  have  afl:ected  but  slightly 
the  extraction  of  silver. 

This  test  shows  that,  during  the  18  hr.  following  the  40th 
hour  of  treatment,  the  total  useful  work  done  was  to  extract 
only  about  30c.  in  silver  from  the  slimes.  These  18  hr.,  there- 
fore, were  practically  lost  time;  since  the  silver-extraction 
would  have  proceeded  just  the  same  if  the  slime  had  been  set- 
tling; and  they  could  have  been  used  for  giving  an  extra  wash, 
which  would  have  saved  about  35c.  per  ton. 

4.  Modified  Slime- Treatment. — The  four  tests  described  in  the 
preceding  pages  give  the  evidence  that,  by  using  lead  acetate 
or  mercuric  chloride  at  the  beginning  of  the  first  wash,  the  ex- 
traction of  the  gold  can  be  almost  completed  in  12  hr.,  and 
that  60  per  cent,  of  the  final  extraction  of  the  silver  can  be 
obtained  during  the  same  period  of  time. 

The  tests  show  also  that  the  silver-extraction  will  continue 
during  the  following  operation  of  washing-out  the  values  by 
repeated  settling  and  decanting,  almost  independently  of  the 
fact  whether  the  slime  is  agitated  or  not. 

It  was,  therefore,  decided  to  modify  the  slime-treatment  on 
slime-plant  No  2.  The  outline  of  the  treatment  is  as  follows : — 
after  decanting  the  mill-water  from  the  already  settled  slime- 
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charge,  the  pulp  is  stirred  up  and  mixed  with  about  its  equal 
weight  of  unprecipitated  solution,  so  as  to  bring  the  total  ratio 
of  solution  to  slime  to  about  2.5  to  3.  While  the  solution  is 
flowino-  into  the  tank,  the  final  streno;th  of  the  solution  is 
brought  up  to  from  0.045  to  0.05  per  cent,  of  KCN,  by  hang- 
ing the  necessary  amount  of  XaCN  in  a  sack  just  under  the 
flow  of  clear  solution  entering  the  tank.  When  there  is  an  ex- 
cess of  strong  solution  in  the  sand-treatment  plant,  as  after 
heavy  rains,  it  is  usual  to  pump  some  strong  solution  into  the 
slime-tanks,  so  as  to  bring  up  the  strength  of  the  weak  solu- 
tion. Lead  acetate  (0.4  lb.  per  ton  of  slime)  is  dissolved  at  the 
same  time  and  by  the  same  method. 

After  the  required  volume  of  solution  has  been  added  to  the 
charge,  which  takes  about  1  hr.,  the  double  agitation  by  pump 
and  stirrer  is  kept  up  for  7  hours.  Then  fresh,  unprecipitated 
solution  is  added,  so  as  to  fill  the  tank  completely.  The  agita- 
tion is  then  stopped,  and  the  slime  allowed  to  settle.  After  de- 
canting the  first  solution  as  closely  as  possible,  four  additional 
washes  are  given  to  the  charge  as  rapidly  in  succession  as  the 
settling  of  the  slime  will  allow ;  and,  with  the  last  one,  the 
pulp  is  pumped  over  to  the  deep  settlers. 

To  diminish  the  amount  of  solution  to  be  precipitated  in  the 
zinc-boxes,  the  first  two  solutions  are  unprecipitated  solutions 
from  the  deep  settlers.  The  value  of  such  solution  will  average 
only  15c.  in  gold  and  a  few  cents  in  silver  per  ton,  and  therefore 
does  not  afifect  sensibly  the  final  value  of  the  last  wash-solution. 

It  was  customary  at  El  Oro  to  keep  the  ratio  of  solution  to 
slime  as  high  as  possible  during  the  treatment.  But  the  tests 
described  in  the  preceding  pages  have  proved  that  a  rapid  and 
good  extraction  can  be  obtained  just  as  well  when  this  ratio  is 
as  low  as  2.5.  The  advantage  of  using  a  small  bulk  of  solu- 
tion during  the  first  treatment  is,  that  less  cyanide  and  less 
lead  acetate  are  needed  to  bring  the  solution  to  the  desired  de- 
gree of  concentration. 

Naturally,  in  washing-out  the  values,  the  ratio  of  solution  to 
the  slime  has  always  to  be  kept  as  high  as  possible,  to  get  a 
good  extraction,  because  the  capacity  of  the  plant  is  not  great 
enough  to  allow  a  great  number  of  washes  to  be  used. 

In  order  to  verify  the  efiiciency  of  the  modified  treatment,  a 
test  was  run  on  one  of  the  slime-charges  handled  by  the  shift- 
bosses,  and  the  results  are  given  graphically  in  Fig.  9. 
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Notes. 
Gold  at  $20.67.     Silver  at  $0.50. 

Fig.  9.— Extraction  Test  No.  16,  on  Slime  at  Mill  No.  2. 
(June  26  to  July  2,  1905.) 
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We  shall  only  call  attention  to  the  fact  that  the  4th  solu- 
tion used  was,  by  mistake,  an  nnprecipitated  solution,  assaying 
38c.  in  gold  and  10c.  in  silver.  If  it  had  been  a  precipitated, 
and  therefore  practically  barren,  solution,  the  values  of  the 
final  wash  would  have  been  14c.  in  gold  and  10c.  in  silver, 
instead  of  28c.  in  gold  and  14c.  in  silver  per  ton. 

In  Table  VIII.  are  given  some  data  regarding  the  slime- 
treatment,  showing  the  increased  saving  obtained  during  the 
months  of  July  and  August,  as  compared  with  the  months  of 
May  and  June,  recorded  in  Table  YII. 

Table  VIII. — Data  of  Slime- Treatment,  Showing  Increased 
Economy  During  July  and  August,  1904. 


May. 


Average  gold  value  of  slime-tails...  $1.1.50 

Average  silver  value  of  slime-tails.  0.810 

Average  goldvalue  of  last  wash...j  ? 

Cost  of  pumping  and  agitating 0.610 

Total  cost  of  treatment |  1.675 

Total  loss  and  expenses  per  ton  of 

slime 3.635 


June. 

July.  ■ 

August. 

SI. 130 

S0.840 

50.570 

0.790 

0.440 

0.340 

0.527 

0.180 

0.143 

0.465 

0.234 

0.206 

1.516 

1.261 

1.219 

3.436 

2.541 

2.129 

Preliminary  tests  have  proved  that  lead  chloride  has  the 
same  efiect  on  the  rate  of  extraction  as  lead  acetate.  However, 
it  has  not  been  possible,  up  to  this  moment,  to  obtain  quota- 
tions on  the  price  of  lead  chloride  sold  in  car-lots,  nor  has  it 
been  possible  to  try  the  chloride  on  a  working-scale. 

Table  IX.  gives,  in  a  condensed  form,  the  cost  of  treatment 
per  ton  of  slime,  as  well  as  some  data  which  may  be  found 
useful  for  reference. 

Table  IX. — Cost,  per  ton,  of  Slime- Treatment  at  Mill  No.  2  (1905). 

Separators,  . 
Sand-wheel,  . 
Tube-mills,  . 
Precipitation, 
Cyanide, 

Circulation-pumps, 
Agitators,     . 
Solution-pumps,    . 
Eetorting.and  melting, 
Labor,  .... 
Other  items, 

Total, SI. 2615  $1.2186 


July. 

August. 

SO.  0252 

$0.0199 

0.0221 

0.0129 

0.1507 

0.2796 

0.2128 

0.1943 

0.2202 

0.1637 

0.1358 

0.1398 

0.0983 

0.C658 

0.0626 

0.0637 

0.0700 

0.0514 

0.2221 

0.1792 

0.0417 

0.0484 
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Data  of  Slime- Treatment. 


Per  Cent. 
.     92 
.     53 
.     40 

76.4  tons. 


Moisture :  Pulp  flowing  to  treatment-tanks, 
Charge  collected  (1st  settlement), 
Slime-tails  discharged         ..... 
Charging:  Average  charge  per  tank. 
Time  of  collecting  one  charge  : 

100  stamps,  40-mesh,  2.5  in.  discharge,  1  tube-mill,  11     hr. 

100  stamps,  30-mesh,  2.5  in.  discharge,  2  tube-mills,  y     hr. 

100  stamps,  30-mesh,  2.5  in.  discharge,  3  tube-mills,  7     hr. 

100  stamps,  25-mesh,  2.5  in.  discharge,  3  tube-mills,  5.5  hr. 

^m7i^-Tes<;  On  2U0-mesh  (0.067  mm.),      .         .         .      from    5  to  1 2  per  cent. 

Through  200-mesh  (0.067  mm.),  .         .         .      from  95  to  88  per  cent. 

Treatment-Tanks:  Diamettr,        .         .         .         .         .         .34  ft. 

Height, 10  ft. 

Normal  capacity , 9.079  cu.  ft. 

Thickness  of  plate i  and  y\  in. 


Time:  Agitation  of  first  solution. 

First  settling,       ..... 

Total  time  for  each  wash,   . 

Total  time  for  collecting,  treating,  washing,  decanting,  losses  of  lime, 
shut-downs  for  each  76-ton  charge  (average,  July,  1905), 

Time  for  complete  extraction  of  gold. 

Time  of  agitation  by  pumps  and  stirrers, 

Time  of  settling  in  deep  settlers. 
Solutions  and  Chemicals :  Strengtii  of  solution, 

Ratio  of  solution  to  slime  (treatment), 

Katio  of  solution  to  slime  (washing), 

KCN  consumption  per  ton  of  slime,  . 

Lead  acetate  used  per  ton  of  slime,     . 

Or  mercuric  bicliloride  per  ton  of  slime. 

Lime  used  per  ton  of  ore  crushed, 
Assay- Values :  Value  of  heads,. 


8 
9.5 


Value  of  tails  (unwashed), 

Value  of  mill-water,   ..... 
Value  of  first  solution  decanting. 

Value  of  last  wash, 

Gold-extraction, 

Silver-extraction, 
Value  of  precipitated  solution,  . 
Agitation:  h.p.  for  running  one  centrifugal  pump. 
Total  cost  per  hr.  one  centrifugal  pump,     . 
Cost  of  one  centrifugal  pump  (San  Francisco), 
h.p.  for  running  one  mechanical  agitator,  . 
Total  cost  per  hr.  for  one  mechanical  agitator. 
Transmission-friction  for  agitation  plant  (about) 
Total  cost  per  h.p-day, 


.      12 
.      14.25 
.   from  3  to  4  days. 
0.05  percent,  of  KCN. 
2.5 
5.0 

0.95  lb. 
0.45  lb. 
0.20  1b. 
12.0  lb. 

I  Au, 
■    Ug, 


(  Au, 
^Ag, 


$7.00-9.00 
1.50-2.25 
0.40-0.70 
0.25-0.45 
0.50-1.00 
2.40-3.00 
0.15 

91  to  92  per  cent. 

75  to  80  per  cent. 

trace 

14.6  h.p. 


$0.76 
192. 

0.55 

0.46 


6  h.p. 
40  h.p. 
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Labor,  per  day  (sand  and  slime)  : 
3  shift-bosses  on  8-hr.  shifts. 
6  native  tanqueros  (tank-men)  on  r2-hr.  shift. 
2  pump-men. 
2  separator-men. 
2  tube-mill  men. 
2  lime-feeders. 

VIII.  Sand-Treatment — Mill  No.  2. 

The  sand,  separated  by  the  two  spitzkasten  of  the  plant,  is 
elevated  by  a  sand-wheel,  41  ft.  in  diameter,  and  flows  to  the 
sand-receivers,  which  are  nine  steel  tanks,  22  ft.  in  diameter 
and  10  ft.  in  depth. 

The  sand  is  distributed  by  Butters'  distributors,  and  settles 
promptly,  while  the  mill-water  overflows  through  slats,  carrying 
away  about  65  per  cent,  of  the  slime  contained  in  the  pulp  en- 
tering the  sand-receiver. 

Since  July  21st,  a  6-ft.  cone  has  been  placed  at  the  discharge 
of  the  sand-wheel,  and  the  coarse  sand  is  separated  and  returned 
to  the  tube-mills,  while  the  fine  sand  overflows  to  the  sand-re- 
ceivers. 

The  legend  of  Fig.  2  shows  the  diagram  of  the  average  sand 
collected  under  the  present  conditions  and  with  the  stamps 
crushing  through  25-mesh.  It  is  to  such  a  class  of  sand  that 
the  tests  hereafter  described  refer  to. 

The  specific  gravity  of  the  sand  is  2.55;  when  collected  in 
the  sand-receivers  it  will  settle,  leaving  40  per  cent,  of  the  total 
volume  as  interstitial  spaces.  When  the  interstitial  spaces  are 
completely  filled  with  water,  the  water  in  the  sand  is  21  per 
cent.;  if  allowed  to  drain  for  18  hr.  the  sand  will  still  retain 
from  14  to  15  per  cent,  of  water.  The  weight  of  the  dry  sand 
settled  in  the  sand-receivers  is  160  tons  of  dry  sand  for  8  ft.  6 
in.  actual  filling. 

When  the  sand  has  been  drained  for  24  hr.,  it  receives  three 
strong  solutions,  averaging  from  0.20  to  0.30  per  cent,  of  KCN. 
Then  it  is  excavated  by  a  Blaisdell  e^cavator,  and  conveyed  by 
Eobins  belt-conveyors  to  the  steel  treatment-tanks,  which  are 
40  ft.  in  diameter  and  78  in.  in  depth,  66  in.  of  which  are  avail- 
able for  tilling.  The  sand  is  distributed  in  these  tanks  by  a 
Blaisdell  distributor.  Each  treatment-tank  can  be  filled  to  the 
rim,  when  it  will  contain  282  tons  of  sand  at  24.5  cu,  ft.  to  the 
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ton.  During  the  treatment,  however,  the  sand  will  pack  10 
per  cent.,  and,  at  the  end  of  the  treatment,  22  cu.  ft.  of  sand 
will  weigh  one  ton. 

The  treatment  consists  in  leaching  the  sand  with  a  certain 
number  of  strong  (0.3-per  cent.)  solutions,  followed  bj  a  medium 
(0.15-per  cent.)  solution,  and  finally  by  a  few  weak  (0.05-per 
cent.)  solutions.  When  the  treatment  is  completed,  the  tank  is 
excavated  and  the  sand  conveyed  to  the  dump.  This  is  the  out- 
line of  the  treatment  used  up  to  August,  1905.  To  find  out 
exactly  what  happens  during  the  treatment,  one  charge  of  sand 
was  followed  closely  throughout  the  whole  process,  and  the 
results  obtained  are  given  graphically  in  Fig.  10. 

The  method  of  graphic  representation  used  is  similar  to  the 
one  already  explained  for  the  slime.  The  scale  of  the  ordinates 
[z=  time)  had,  however,  to  be  reduced  to  30  hr.  per  inch,  in  the 
original  blue  prints,  which  has  been  still  further  reduced  in  the 
illustrations  given  in  this  paper. 

Another  point  in  which  the  sand-diagram  differs  from  the 
slime-diagram  is,  that  each  charge  in  the  sand-treatment  tank 
is  composed  of  two  sand-receiver  charges.  The  first  part  of  the 
diagram  had,  therefore,  to  be  kept  double,  up  to  the  moment 
in  which  the  two  sand-receiver  charges  were  distributed  in  one 
sand-treatment  tank.  As  this,  however,  brought  a  confusion 
of  lines  the  data  of  per  cent,  extraction,  KCN  consumption, 
etc.,  were  averaged,  considering  the  two  sand-receivers  to  be 
one  unit-charge,  not  all  parts  of  which  had  a  synchronous 
treatment. 

The  curves,  giving  the  gold-  and  silver-values  of  each  sepa- 
rate sand-receiver  charge,  are,  however,  also  given  in  dotted 
lines  in  the  first  part  of  the  diagram. 

1.  First  Preliminary  Test  (Fig.  10). — This  test  was  run  on  a 
lot  of  281  tons  of  sand,  the  composition  of  which  was  similar  to 
the  one  given  in  Fig.  2,  on  page  89. 

The  charge  was  collected  in  two  sand-receivers.  The  filling 
of  receiver  No.  1  took  20  hr. ;  the  charge  was  allowed  to  drain 
24  hr.,  then  three  washes  of  strong  solution,  amounting  to  a 
total  of  0.48  tons  per  ton  of  sand,  were  percolated  through  the 
charge.  The  filling  and  treatment  of  the  second  sand-receiver, 
ISTo.  3,  followed  by  20  hr.  that  of  sand-receiver  No.  1,  and  were 
kept  as  similar  to  it  as  possible.     By  reason  of  a  shut-down, 
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both  sand-receivers  had  to  wait  an  average  of  48  hr.  after  re- 
ceiving the  third  wash  before  being  excavated.  At  the  132d 
hour  the  excavation  of  sand-receiver  ITo.  1  began,  and,  as  soon 
as  completed,  was  followed  by  that  of  No.  3.  The  amounts 
excavated  from  the  two  sand-receivers  were,  respectively,  159.8 
and  121.5  tons.  The  average  of  the  assay-value,  percentage- 
extraction,  etc.,  were  figured  out  according  to  the  relative  ton- 
nage of  the  two  sand-receiver  charges. 

a.  Gold-  and  Silver- Values. — The  gold-values  for  both  sand- 
receiver  charges  begin  to  decrease  as  soon  as  the  first  strong 
solution  comes  in  contact  with  the  sand,  in  a  way  similar  to 
the  one  noticed  for  the  slime,  though  the  rate  of  extraction  is 
very  much  smaller. 

A  sudden  drop  in  values  begins  to  take  place  only  at  the 
132d  hour,  at  the  moment  when  the  sand  begins  to  be  exca- 
vated, and  therefore  aerated. 

From  this  moment  on,  the  curve  representing  the  gold- 
values  assumes  again  a  marked  parabolic  shape,  the  rate  of  ex- 
traction decreasing  as  the  undissolved  gold-values  decrease. 

The  three  main  factors  in  the  rate  of  extraction  are  the  di- 
ameter of  the  undissolved  gold  grains,  the  strength  of  the  solu- 
tion, and  the  rate  at  which  the  solutions  follow  each  other.  It 
is  very  difiicult  to  give  to  the  assay-returns  their  true  value,  as 
the  samples  for  assay  cannot  be  relied  on  as  closely  as  was  pos- 
sible with  slime.  The  curve,  therefore,  had  to  be  drawn  fol- 
lowing closely  the  assay-return. 

"We  can  notice,  however,  a  certain  drop  of  the  gold-values  at 
the  6th  wash,  probably  caused  by  the  fact  that  a  strong  solu- 
tion was  followed  immediately  by  a  weak  solution.  Any  sud- 
den change  in  the  strength  of  the  solution  will  produce  an  in- 
creased rate  of  gold-extraction.  We  see,  from  the  diagram,  that 
the  gold-extraction  was  completed  at  the  250th  hour,  and  that, 
from  that  moment,  not  one  cent  more  was  extracted  during  the 
9  following  days  of  treatment. 

The  silver  behaves  in  a  very  dififerent  way  from  the  gold. 
We  can  say,  practically,  that  the  values  decrease  proportionally 
to  the  time,  and  independently  of  the  strength  of  the  solution  or 
any  other  factor;  though  actually,  at  the  beginning,  the  rate  of 
extraction  was  somewhat  more  rapid.  The  addition  of  lead 
acetate  to  the  charge  had  a  slio-ht  beneficial  effect  on  the  silver. 
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b.  Values  of  Drained  Solution. — The  gold-  and  silver-values 
in  the  solution  draining  off  from  the  sand  are  represented  in 
the  diagram  bj  dotted  curves. 

Naturally,  the  increase  in  value  of  the  solution  is  a  result  of 
the  extraction  from  the  sand.  It  is  worth  noticing  that  the 
maximum  of  the  values  of  the  draining  solution  always  follows, 
in  about  50  hr.,  the  cause  which  produced  an  increased  rate  of 
extraction.  In  fact,  we  can  notice  on  the  diagram  three  maxi- 
mums both  for  the  gold-  and  for  the  silver-values  of  the  solu- 
tion. The  first  and  most  important  maximum  occurs  50  hr. 
after  the  excavation  and  aeration  of  the  sand  has  taken  place, 
the  values  of  the  solution  rising  up  to  a  maximum  of  $14  gold 
and  $2  silver.  Then  the  values  drop  rapidly,  to  rise  again 
slight!}"  on  the  12th  day,  or  50  hr.  after  two  strong  washes, 
alternated  with  a  medium  wash,  have  been  given  to  the  charge. 
Finally,  during  the  14th  and  15th  day  we  have  again  a  rise  in 
values,  50  hr,  after  another  batch  of  strong  solutions,  following 
two  weak  solutions,  was  run  on  the  sand. 

The  reason  that  the  values  of  the  solution  follow  the  rate  of 
extraction  with  a  period  of  50  hr.  delay,  is  easily  understood 
if  we  consider  that  about  40  or  50  tons  of  solution  are  kept 
back  as  moisture  in  a  300-ton  charge  of  sand.  Each  time  we 
add  awash  of  15  tons  of  solution  on  the  top  of  the  sand-charge, 
we  shall  displace  15  tons  of  solution  which  were  previously  re- 
tained as  moisture. 

We  can,  therefore,  imagine  the  50  tons  of  moisture  in  the 
sand  to  be  retained  in  four  strata  corresponding  to  four  succes- 
sive washes,  and  each  time  we  add  a  new  wash  one  stratum  of 
moisture  displaces  the  other. 

c.  Cyanide  Solution. — The  diagram  shows  that  the  strengths 
of  solution  used  in  the  treatment  were  most  irregular.  This 
was  done  intentionally,  in  order  to  ascertain  what  bearing  the 
strength  of  the  solution,  and  the  alternations  of  strong  and 
weak  solutions,  had  on  the  rate  of  extraction. 

d.  Conclusions. — The  test  just  described  leads  to  the  follow- 
ing conclusions : — 

(1)  The  rate  of  extraction  is  dependent  upon  the  strength  of 
the  solution  and  the  speed  at  which  the  washes  follow  each  other. 

(2)  The  extraction  by  strong  solution  is  small  for  the  tightly- 
packed  sand  in  the  sand-receivers. 
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(3)  The  aeration  effected  by  excavating  the  sand  has  a  very 
great  influence  on  the  rate  of  extraction,  at  least  for  a  certain 
length  of  time. 

(4)  The  gold-extraction  will  reach  its  maximum  in  a  com- 
paratively short  time,  and  long  before  the  whole  of  the  soluble 
silver  has  been  extracted. 

(5)  The  silver-extraction  will  continue  in  an  almost  straight 
line,  and  apparently  unafi'ected  by  the  strength  of  solution  and 
the  rate  of  washing. 

(6)  Lead  acetate,  in  small  amounts,  will  not  affect  tlie  gold- 
extraction,  but  will  be  beneficial  to  the  silver-extraction. 

(7)  Cyanide-consumption  is  rapid  during  the  first  5  days 
(56.4  lb.  of  KCN  per  24  hr.),  after  which  the  consumption  be- 
comes almost  constant  during  the  13  following  days  (10.8  lb. 
of  KCN  per  24  hr.). 

2.  Second  Preliminary  Test. — The  test  previously  described 
was  followed  by  a  second,  the  results  of  which  are  given  graphi- 
cally in  Fig.  11.  The  main  point  aimed  at  in  this  test  was  to 
see  whether  it  would  be  possible  to  increase  the  rate  of  extrac- 
tion by  excavating  the  sand  as  soon  as  it  had  received  the  first 
two  preliminary  strong  solutions,  and  then  giving  to  the  sand 
a  number  of  small  washes  in  rapid  succession. 

From  the  foregoing  it  is  evident,  that,  for  the  sand,  the 
extraction  depends  chiefly  upon  fine  grinding.  The  soluble 
gold  is  easily  brought  into  solution,  as  is  also  the  silver.  The 
only  improvement  which  can  be  made  in  the  sand-treatment  is 
to  reduce  expenses  and  losses,  and  to  shorten  the  time  of  treat- 
ment required  for  the  dissolution  of  the  values,  in  order 
to  increase  the  capacity  of  the  plant  or  to  get  more  time 
for  dissolving  the  silver  and  for  washing-out  the  dissolved 
values. 

The  diagrams  on  Fig.  11  can  be  easily  understood  after  what 
has  been  said  for  test  "T"  (Fig.  10).  The  following  facts,  how- 
ever, deserve  attention  : — 

The  undissolved  gold-values  show  three  marked  drops:  the 
first,  after  the  110th  hour,  when  the  first  (3d)  solution  was  run 
on  the  sand  after  it  had  been  aerated  during  the  transfer  from 
the  sand-receivers  to  the  treatment-tank ;  a  second  drop  takes 
place  after  the  131st  hour,  and  a  third  one  after  the  163d  hour, 
both  due  to  the  fact  that  a  strong  solution  was  followed  by  a 
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Quantity  of  sand  treated, 
Original  assay- value,    . 

Absolute  gold-extraction. 
Absolute  silver-extraction, 
Actual  gold-extr.iction, 
Actual  silver-extraction, 
Absolute  total  extraction, 
Actual  total  extraction. 

Assay-value  of  tails,     . 


Assay-returns  marked  by  x. 
Summary. 


.      /  dissolved, 
v  undissolved 


I  Ag.  I  <^i^so^^«^' 
I  I-  undissolved 


KCN  consumption,  per  ion  of  sand,     . 

Chemicals :  lead  acetate  per  ton  of  sand. 

Quantity  of  solution  used  per  ton  of  sand, 

Quantity  of  solution  precipitated,         .         .         .  (1.74  X  281.5 

Total  time  of  treatment. 

Time  taken  for  dissolution  of  gold, 

«  Average  of  32  assays  (4  A.  T.  each). 

Notes. 
Gold  at  $20.67.     Silver  at  $0.50. 

Fig.  10. — Extraction  Test  "T"  on  Sand  at  Mill  No.  2. 
(July  1  to  20,  1905.) 


281.5  tons. 

rAu.  $6.84 
t  Ag.  $1.73 

83.6  per  cent. 

71.0  per  cent. 
82.9  per  cent. 
69.5  per  cent. 

81.1  percent. 

80.2  percent. 
$0.05 
$1.12« 
$0.02 

$0.50 

1.69  1b. 

0.22  lb. 

1.74  tons. 
489.81  tons. 
475  hours. 
196  hours. 
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Treatment  in  Sand    Treatment  Tank  Xo.7 


Assay-returns  marked  by  x. 


Summary 


Quantity  of  sand  treated, 
Original  assay-value,    . 

Absolute  gold-extraction, 
Absolute  silver-extraction. 
Actual  gold-extraction, 
Actual  silver-extraction, 
Absolute  total  extraction. 
Actual  total  extraction. 

Assay- value  of  tails,     . 


f  .       I  dissolved, 
•  >.  undissolved 

1  A  o-  J  dissolved,    . 
L     "^    l  undissolved 


KCN  consumption,  per  ton  of  sand, 
Quantity  of  solution  used  per  ton  of  sand. 
Quantity  of  solution  precipitated. 
Total  time  of  treatment, 
Time  taken  for  dissolution  of  gold, 


30  X  3.1 


236  tons, 
f  Au.  $6.18 
lAg.  $1.39 
78.0  percent. 
60.4  percent. 

77.6  per  cent. 

59.7  percent. 
74.9  percent. 
74.4  percent. 
S0.03 

$1.35 
SO.  01 
§0.55 
1.54  lb. 
3.1  tons. 
731.6  tons. 
478  hours. 
120  liours. 


Notes. 
Gold  at  $20.67.     Silver  at  $0.50. 

Fig.  11. — Extraction  Test  "F"   on  Sand  at  Mill  No.  2. 
(August,  1905.) 
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somewhat  weaker  one,  and  then  again  by  a  third  sokition  of 
the  same  strength  as  the  first. 

In  the  280  hr.  following  the  190th  hr,,  not  more  than  14e. 
gold  per  ton  of  sand  was  dissolved,  and  the  greatest  part  of 
it  was  dissolved  in  the  first  72  hours. 

The  silver  shows  a  fact  noticed  in  several  tests,  namely,  that 
the  extraction  begins  to  become  more  rapid  as  soon  as  the  dis- 
solution of  the  gold  is  almost  complete.  This  may  be  due 
either  to  the  fact  that  the  cyanide  will  dissolve  gold  in  prefer- 
ence to  silver  as  long  as  there  is  gold  still  to  be  dissolved 
easil}',  or  to  the  fact  that  some  time  must  elapse  before  the  re- 
action, causing  the  dissolution  of  the  silver  minerals,  will 
begin. 

At  the  160th  hr.,  one-eighth  of  the  tank  was  excavated  by 
hand  to  aerate  one  portion  of  the  sand.  The  sand  was  thrown 
out  on  a  platform  and  then  returned  to  its  place.  Subsequent 
to  this  moment,  samples  were  taken  continuously  from  both 
the  re-aerated  part  of  the  tank  and  from  the  untouched  part. 
The  assay-returns  (see  dotted  line  near  the  gold-curve)  showed 
that  the  renewed  aeration  caused  an  increased  rate  of  extrac- 
tion ;  but  such  increase  was  small,  and  after  a  few  days  the 
gold-value  of  the  sand  in  both  parts  of  the  tank  had  again  be- 
come practicall}'  the  same.  This  operation  was  repeated  on  a 
second  tank  with  the  same  results. 

3.  Modified  Treatment. — In  consequence  of  the  results  given 
by  the  two  tests  described  above,  it  was  decided  to  modify  the 
sand-treatment  as  follows  : — 

The  sand  collected  in  the  sand-receivers  was  allowed  to 
drain  for  24  hr.,  when  it  was  excavated  and  conveyed  to  the 
leaching-tanks  without  receiving  any  preliminary  treatment. 

The  preliminary  treatment  was  first  adopted  vpith  the  idea 
that  it  would  be  useful  to  have  the  sand-grains  moistened  with 
strong  cyanide  solution  at  the  moment  when  the  aeration  by 
excavating  takes  place.  Experiments,  however,  have  proved 
that  the  extraction  is  just  as  rapid  if  the  sand  is  treated  by 
cyanide  only  after  the  aeration  has  taken  place. 

On  the  other  hand,  the  preliminary  treatment  presents  two 
drawbacks.  The  first  is,  that  it  is  impossible  to  prevent  some 
of  the  strong  cyanide  solutions  used  as  preliminary  washes  to 
pass  into  the  mill-water  (see  page  86)  for  two  reasons :  (1)  the 
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drainage-plugs  and  valves  will  leak,  or  may  be  left  open  by 
mistake;  (2)  after  excavating, the  6-in.  filter-bed  of  coarse  sand, 
which  is  left  to  cover  the  cocoa-mat  filter,  will  retain  2.8  tons 
of  cyanide  solution  as  moisture,  which,  as  soon  as  the  sand-re- 
ceiver begins  to  receive  a  new  charge,  will  be  completely  washed 
out  into  the  mill-water. 

The  second  drawback  is,  that,  after  giving  the  preliminary 
washes,  it  is  necessary  to  lose  24  hr.  in  allowing  the  tanks  to 
drain  before  starting  to  excavate  them. 

A  second  point  in  which  the  treatment  has  been  modified  is, 
that  the  first  16  washes  given  to  the  sand  are  alternating  strong 
and  medium  washes,  and  are  followed  by  as  large  a  number  of 
weak  washes,  at  6-hr.  intervals,  as  the  capacity  of  the  plant 
may  allow  or  as  may  be  considered  convenient. 

By  these  means  the  time  necessary  for  the  almost  complete 
dissolution  of  the  soluble  gold  (to  within  20c.)  has  been  at 
present  reduced  to  about  90  hr.,  while  formerly  it  took  about 
200  hr.  to  obtain  the  same  result. 

Other  tests,  not  related  in  this  paper,  also  prove  that  C3^anide 
solutions,  containing  from  0.15  to  0.20  per  cent,  of  KCN,  will 
give  as  good  and  as  rapid  an  extraction  as  a  0.30  per  cent,  of 
KCN  solution.  Therefore,  the  strength  of  the  strong  solution 
has  been  reduced  to  0.25  per  cent,  of  KCN,  with  the  result 
that  the  cyanide  consumption  has  been  diminished. 

We  may  say  at  this  point,  that,  lately,  a  large  amount  of  fine 
sand  has  been  sent  over  with  the  slime  to  the  slime-treatment 
tanks.  On  several  occasions  as  much  as  4  per  cent,  ou  150- 
mesh  and  9  per  cent,  on  200-mesh  sand  was  mixed  with  the 
slime.  On  separating  and  assaying  these  sands,  after  treatment 
by  agitation  with  0.05-per  cent.  KCN  solution,  it  was  found 
that  the  extraction  from  the  sands  had  been  just  as  good  as  if 
they  had  been  leached  with  0.30-per  cent.  KCIsT  solution  in  the 
leaching-tanks. 

Extraction-tests,  made  on  the  sand  treated  by  the  modified 
treatment,  show  that  the  curve  representing  the  gold-value  of 
the  sand  is  regular  and  continuous,  and  can  be  very  closely  rep- 
resented by  a  parabola. 

In  the  light  of  all  that  has  been  said  in  this  paper  on  the 
problem  of  extracting  the  gold-  and  silver-values  from  the  ore 
by  cyanide,  we  see  that  the  problem  chiefly  consists  in  the  me- 
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chanical  reduction  of  the  ore  to  the  finest  possible  state  of  divi- 
sion. There  are  no  serious  chemical  problems  to  be  resolved ; 
and  all  the  difficulties  are  on  the  mechanical  side.  The  treat- 
ment of  the  slime,  which,  but  a  few  years  ago,  seemed  to  pre- 
sent serious  difficulties,  is  being  gradually  perfected ;  and  the 
time  will  probably  come  when  the  sliming  of  the  ore  to  the 
maximum  point,  economically  practicable,  will  be  the  main  ob- 
ject of  a  number  of  plants,  as  at  present  it  is  at  El  Oro. 

The  itemized  cost  and  data  of  treating  the  sand  at  Mill  ISTo. 
2,  are  given  in  Table  X. 

Table  X.—  Cost,  Per  Ton,  of  Sand- Treatment  at  Mill  No.  2. 


Separators,  . 
Elevators, 
Tube-mills," . 
Precipitation, 
Conveyors,  . 
Excavators,  . 
Cyanide, 

Solution-pnrups,    . 
Retorting  and  melting, 
Other  items,  . 


Total, 


July. 
$0.0227 
0.0400 
0.2045 
0.1918 
0.0736 
0.0521 
0.3593 
0.0141 
0.0631 
0.1146 


$1.1358 


August. 

$0.0250 
0.0322 
0.5286 
0.2430 
0.0561 
0.0855 
0.2755 
0.0159 
0.0643 
0.1635 

$1.4866 


«  Tube-Mill  No.  5  started  August  1st,  and  the  first  cost  of  14  tons  of  pebbles 
was  charged  to  the  month  of  August. 


Data  and  Sand- Treatment. 


from  14 


from  8 
from  60 
from  20 


Moisture  of  Sand :  AVell  drained. 

Charging :  Charge  collected  in  sand-receiver. 

Charge  treated  in  treatment-tanks,  . 

Time  for  collecting  300  tons,    . 
Sizing-Test:  On  100-mesh, 

Through  100-  on  2C0-mesh,      . 

Through  200-mesh,  .... 
Sand-Receivers  (nine)  :  22  ft.  in  diameter  by  10  ft.  (0.25-in.  bottom. 

Maximum  capacity. 
Sand- Treatment  Tanks  (twelve)  :  40  ft.  in  diameter  by  6.5  ft.  (5-in 
body). 

Capacity,  ........ 

Treatment:  16  alternated  washes,  medium  and  strong,  . 

16  weak  solutions  (more,  if  possible). 

Minimum  time  for  treating,  draining  and  discharging. 

Average  length  of  treatment,  ..... 

Time  for  complete  gold  dissolution  (to  within  20c.), 

Time  for  complete  silver  dissolution. 


to  15  per  cent. 

.  150  tons. 

.  285  tons. 
48  hr. 
to  12  per  cent, 
to  65  per  cent, 
to  28  per  cent, 
y^-in.  body). 

.  160  tons, 
bottom,  T^-in. 


285  tons. 

4  days. 

4  days. 

9.5  days. 

18  days. 

90  hr. 

17  da  vs. 
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Average  rate  of  silver  dissolution  for  a  300-ton  charge  per  day,      .        $16.30 

Average  rate  of  silver  after  10  days  of  treatment,    .         .         .         .          $6.60 

j-Weak,          .  .  from  0.03  to  0.05  per  cent,  of  KCN. 

Strength  of  solutions  ^  Medium,      .  .  from  0.10  to  0.15  per  cent,  of  KCN. 

(  Strong,         .  .  from  0.20  to  0.25  per  cent,  of  KCN. 

Total  tons  of  solution  per  ton  of  sand,  ....         from  2  to  3  tons. 

KCN  consumption  per  ton  of  sand, 1.5  lb. 

A..«,-F«Zue.s:  Values  of  heads,     ....       J  gold,  from  $6.00  to  $8.00 
^  Uilver,  from   1.30   to    1.80 

,.  ,         e,   .,  j  gold,  from     1.10    to    1.80 

\  alue  of  tails, i    ■■,         ^         ^  -^  ^    ^ 

•-silver,  from  O.oO   to    0. /O 

Probable  economic  limit  to  which  the  tails       /gold,     0.90 

may  be  brought  by  fine  grinding,       .         .        ^silver,  0.40 

Value  of  Solution : 

Precipitated  strong  solution,  ....     gold,  from  |0. 03  to  $0.15 

Precipitated  weak  and  medium  solution,        .         .     gold,  trace. 

,r     •  *     w       ]     •   •         (t  f  gold,  from  $9.00  to  $14.00 

Maximum  ot  solution  draining  on,         .         .       <  °      ' 

Uilver,  from  0.50    to    1.50 

T     .,,.•,.   .         fl,  /gold,  from    0.10    to    0.35 

Last  solution  draining  oil,      .         .         .         •       i    .,  „  „  „    , 

""       '  Uilver,  from  0.10   to    0.15 

Excacators  and  Conveyors  : 

Average  rate  of  excavating  sand-receivers  by  Blaisdell 

excavator,  per  hour, from  90  to  100  tons. 

Average  rate  of  excavating  per  40  ft.  of  treatment  tanks,  from  90  to  100  tons. 

Total  cost  of  excavating  (twice)  per  ton,         .         .         .  from  $0.05  to  $0.08 

Total  cost  of  conveying  (twice)  per  ton,         .         .         .  from    0.05    to    0.07 

IX.  Precipitation  and  Precipitates. 

1.  The  Zinc-Room. — The  gold-  and  silver-bearing  solutions, 
■svhieli  are  drained  or  decanted  from  the  treatment-tanks,  are 
collected  in  intermediate  storage-tanks.  The  tanks  receiving 
the  solutions  from  the  slime-treatment  are  provided  with  a  filter- 
bottom  to  prevent  the  slime  from  passing  into  the  zinc-boxes. 

From  the  intermediate  tanks  the  solutions  flow  to  a  zinc- 
room,  137  ft.  by  73  ft.,  designed  for  precipitating  the  solutions 
from  both  the  old  and  the  new  plant. 

There  are  two  rows  of  steel  boxes,  30  of  which  are  16.5  ft, 
long,  having  five  compartments ;  the  available  zinc  space  of 
each  compartment  is  4  ft.  wide,  3  ft.  long  and  2  ft.  deep;  14 
other  zinc-boxes,  16.5  ft.  long,  having  6  compartments  30  in. 
by  30  in.  by  24  in.  deep,  were  obtained  from  the  9  compart- 
ment boxes  of  the  old  precipitation  plant.  All  the  boxes  are 
provided  with  0.25-in.  mesh  screens  set  4  in,  from  the  bottom. 

The  boxes  are  set  on  a  platform  at  8  ft.  from  the  floor ;  the 
precipitated  solutions  flow  into  central  launders  and  pipes 
which  lead  to  the  sumps. 
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The  boxes  are  equipped  with  bottom  discharge-valves,  which 
open  into  U-shaped  steel  launders,  leading  to  a  central  launder, 
which  empties  into  the  2  clean-up  iron  tanks,  6  ft.  square  and 
4  ft.  deep. 

The  precipitate  is  screened  before  entering  the  tanks,  and 
from  there  it  is  pumped  to  a  24-in.  Stillwell-Bierce  filter-press, 
holding  fifty  1-in.  frames. 

The  acid  treatment  is  done  in  two  redwood  tanks,  7  ft.  in 
diameter  and  4.5  ft.  deep,  lined  with  lead.  The  tanks  are 
equipped  with  mechanical  agitators,  run  by  a  3.5-h.p.  electric 
motor,  which  also  runs  a  small  blower  for  earrying-otf  the  acid 
fumes  through  flues. 

The  wash-water  and  precipitate  from  the  acid  tanks  are  run 
into  a  cement  sump,  7  ft.  in  diameter  and  5  ft.  deep,  and  a  4-in. 
by  6-in.  bronze  water-end  duplex  pump  forces  the  precipitate 
into  a  24-in.  Johnson  filter-press,  holding  24  frames. 

Four  steam-jacketed  drying-cars,  set  on  masonry  pillars,  are 
used  in  case  of  accident  to  the  filter-press,  from  which  it  might 
be  necessary  to  take  out  soft  cakes.  One  drying-car  on  wheels 
can  be  conveyed  to  any  point  of  the  room,  and  is  run  under  the 
filter-presses  when  these  are  opened,  so  that  the  cakes  fall 
directly  into  the  car. 

The  entire  floor  of  the  zinc-room  is  cemented  (6-in.  masonry, 
3  in.  of  concrete,  and  1  in.  of  cement),  and  slopes  from  all  sides 
to  a  cement  sump  at  the  center  of  the  room. 

On  one  side  of  the  room  are  6  melting-furnaces,  built  in  one 
row.  They  are  26  in.  in  diameter  and  4  ft.  deep;  the  bottom 
for  a  distance  of  6  in.  tapers  down  to  19  inches.  The  furnace 
flues  open  into  a  common  flue  which  leads  to  a  large  dust- 
chamber,  10  ft.  by  5  ft.  by  21  feet.  The  stack  is  40  ft.  high,  and 
the  draught  is  helped  by  a  steam-jet  from  a  0.25-in.  nozzle. 

On  the  outside  of  the  building  is  a  track  about  10  ft.  above 
the  level  of  the  zinc-room  floor,  which  oflers  the  facilities  of 
unloading  the  zinc  shaving  directly  on  to  the  floor  where  the 
precipitation-boxes  are ;  this  track  is  also  used  for  emptying  the 
sulphuric  acid  in  the  lead  storage-tank,  as  well  as  for  the  coke 
in  a  coke-bin  near  the  furnaces. 

2.  Precipitation  of  Solutions. — The  solutions  from  the  two  plants 
are  of  equal  strength,  but  the  solutions  from  the  new  plant  are 
lower  in  value,  since  a  greater  amount  is  required  to  wash  out 
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the  dissolved  values  from  the  very  fine  sand  than  from  the 
comparatively  coarse  sand  of  the  old  plant. 

There  are  44  iron  precipitation-boxes,  of  which  4  are  used 
for  strong  solution  (from  0.2  to  0.3  per  cent,  of  KCN"),  4  for 
medium  solution  (0.1  per  cent,  of  KCN),  and  36  boxes  for  weak 
solution  (0.03  per  cent,  of  KCN). 

The  average  rate  of  flow  through  the  boxes  per  cu.  ft.  of 
zinc  shavings  per  24  hr.  is :  strong  solution,  1  ton ;  medium 
solution,  IJ  tons;  and  weak  solution,  1.4  tons. 

The  precipitation  of  the  weak  solution  is  assisted  by  a  "drip" 
of  fresh  2.5-per  cent,  cyanide  solution  at  the  head  of  the  box, 
added  at  the  rate  of  16  lb.  of  KCN  per  24  hr.,  for  the  36  weak- 
solution  boxes. 

Practically,  all  the  precipitation  takes  place  in  the  first  3 
compartments,  the  last  one  being  intended  only  to  retain  any 
precipitate  which  might  flow  oft"  when  the  box  is  started  up 
after  a  clean-up.  The  fresh  zinc  in  this  last  compartment  indi- 
cates whether  the  box  is  working  properly  or  not. 

Table  XI.  shows  the  manner  in  which  the  precipitation  of 
the  gold  and  silver  takes  place  in  the  5  compartments,  as  well 
as  the  variation  of  the  strength  of  the  solutions  flowing  through 
the  compartments. 

Table  XI. — Precipitation  of  Gold  and  Silver  in  the  Zinc-Boxes. 

Precipitation  and  Cyanide  Consumption  in  Zinc-Boxes. 


Head 
1st  Comp. 


Values  of  sola.. 
Cumul.  ^6  ext.... 
Strength  of  sol. 


Values  of  sol*... 

Cumul.  'I'o  ext 

Strength  of  sol.. 


Values  of  sole... 
Cumul.  ',i  ext.... 
Strength  of  sol. 


Au. 


4.. 54 
'0.'210 


Ag. 


Oz. 

1.25 


3.00  I  0.62 
"'o!l28"!i'"" 


0.62  I  0.33 
"'0.'054?"' 


Head 
2d  Comp. 


Au.  I  Ag. 


1.14 
75.0 


Oz. 

0.47 
62.4 


0.202  yJ 


1.00  [  0.26 
66.6     !.58.1 
0.124  'i 


0.36  I  0.18 
41.8     |45.4 
0.052  58 


Head 
3d  Comp. 


0.42 
90.8 


Ag. 


Oz. 

0.18 
85.6 


0.198' 


0.18  I  0.06 

94.0     |90.3 

0.122  ?o 


0.25  I  0.17 
59.6     |48.4 
0.050  Ji 


Head 
4th  Comp. 


Au.      Ag. 


0.15 
96.7 


Oz. 

0.08 
93.6 


0.198/. 


0.01  j  0.01 

39.6     |98.4 
0.116  fo 


0.11  [  0.0 

52. 3     187.9 

0.048  5t 


Head 
5th  Comp. 


Au.      Ag. 

$        Oz. 
0.11      0.07 
97.6    J94.4 
0.198  * 


tr.    1    tr. 
100.0  lioo.o 

0.112  5t 


tr.    1    tr. 

100.0  iioo.o 

0.046  9J 


Tail 
5th  Comp. 


0.07 

98.4 


Ag. 

Oz. 
0.04 

96.8 


0.196  5i 


100'. 0  IIOO.O 
0.106  * 


100.0  lioo.o 
0.046  i 


b  Medium  Solution. 


c  Weak  Solution. 


a  Strong  Solution. 

3.  Clean-up. — When  the  solutions  are  running  regularly  the 
strong  boxes  are  cleaned  every  4  or  5  days,  the  medium  boxes 
about  every  6  days  and  the  weak  boxes  every  10  days.  If, 
for  any  reason,  any  of  the  boxes  are  not  working  properly,  the 
first  two  compartments  receive  a  preliminary  cleaning. 
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The  general  cleaning  of  the  boxes  is  carried  out  as  fol- 
lows : — the  flow  is  shut  oft'  and  all  of  the  zinc  is  taken  out  of 
the  1st,  and  piled  up  on  the  3d,  4th  and  5th  compartments. 
The  solution  and  precipitate  are  then  drawn  out  of  the  1st 
compartment  and  the  screen  cleaned  and  put  back.  All  the 
zinc  of  the  1st  compartment  is  then  washed  in  the  solution 
in  the  2d  compartment  and  replaced  in  the  1st.  Great  care 
is  taken  to  stretch  out  the  bundles  of  zinc-shavings  and  to 
pack  them  in  the  boxes  in  alternated  layers  running  length- 
wise and  crosswise  to  the  boxes.  By  this  arrangement  the 
solution,  flowing  through  the  zinc,  finds  everywhere  an  equal 
resistance,  and  has  no  tendency  to  channel.  The  bottom  of  the 
1st  compartment  is  packed  with  a  6-in.  layer  of  good,  firm  zinc, 
on  top  of  which  are  placed  the  zinc-shorts  that  have  been  re- 
turned from  the  clean-up  screens;  finally,  the  balance  of  the 
space  is  filled  w^ith  fairly  firm  zinc. 

The  other  compartments  are  treated  in  a  similar  way.  The 
zinc-shavings  are  thus  slowly  moved  from  the  last  compart- 
ment towards  the  head  of  the  box,  and  the  fresh  zinc  is  always 
added  in  the  last  compartment.  Except  on  a  monthly  clean- 
up, the  last  compartment  is  left  intact  to  act  as  a  filter.  No 
precipitate  is  carried  over  if  the  boxes  are  washed  thoroughly 
and  the  flow  through  the  boxes  started  slowly. 

The  precipitate  is  discharged  from  the  bottom  of  the  boxes 
into  launders  and  collected  in  two  clean-up  tanks.  Before  enter- 
ing the  tank  the  precipitate  is  screened  through  a  50-mesh 
screen  divided  in  three  compartments.  The  heavy  zinc-shorts 
settle  in  the  center  compartment,  while  the  solution  and  the 
fine  precipitate  overflow  on  the  sides  and  pass  through  the 
two  other  compartments.  The  precipitate  settles  rapidly  in  the 
tank,  and  the  clear  solution  is  pumped  through  the  filter-press. 

When  all  the  boxes  are  cleaned  and  enough  precipitate  is 
collected  in  the  tank  to  make  a  "  cake,"  it  is  stirred  up  and 
the  pump  put  to  a  moderate  speed,  which  is  not  changed  until 
the  press  is  full  with  a  hard  cake.  The  pressure-gauge  usually 
shows  about  60  pounds.  Steam  is  now  gradually  turned  into 
the  press  until  it  begins  to  blow  out  of  all  the  drainage-cocks. 
It  takes  from  0.5  to  1  hr.  to  fill  the  press,  and  0.5  hr.  to  dry  it 
out  with  steam.  The  press  is  allowed  to  cool  for  an  hour,  and 
then  it  is  opened,  the  cakes  dropping  into  the  drying-car.     If 
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the  cakes  still  contain  too  much  moisture  for  briquetting,  they 
are  further  dried,  then  mixed  with  flux,  briquetted  and  melted. 

The  zinc-shorts,  which  pass  a  0.25-me8h  screen  and  are 
retained  on  the  50-mesh  screen  at  the  clean-up  tank,  are  sent 
to  the  acid  tanks,  where  they  are  kept  for  the  acid-treatment. 

The  sulphuric  acid,-  diluted  in  the  proportion  of  1  of  acid  to 
4  of  water,  is  added  to  the  zinc  in  small  quantities  at  a  time. 
The  mechanical  agitator  keeps  the  zinc  from  settling. 

After  all  the  zinc  has  become  dissolved,  three  or  four  washes 
of  hot  water  are  given  to  the  residues,  and  the  whole  siphoned 
into  a  small  cement  sump  or  pumped  direct  to  the  filter-press, 
as  previously  explained,  and  handled  in  the  same  way  as  the 
screened  precipitate. 

Eight  natives,  working  9  hr.,  can  clean  up  and  wash  all  the 
zinc  from  18  large  and  3  small  boxes.  In  one  operation, 
26,400  lb.  of  zinc-shavings  are  washed  by  8  men ;  the  precipi- 
tate, amounting  to  1,760  lb.,  being  handled  mechanically  from 
boxes  to  drying-car. 

The  monthly  output  consists  of  about  TO  bars  of  bullion, 
each  bar  weighing  1,000  ounces. 

4.  Screened  and  Acid  Precijntates. — The  screened  precipitate, 
after  coming  from  the  filter-press,  contains  about  15  per  cent, 
and  the  acid  precipitate  about  25  per  cent,  of  moisture.  The 
precipitate  is  taken  out  of  the  press  while  still  hot,  allowed  to 
dry  during  the  night,  and  then  mixed  with  18  per  cent,  of 
ground  borax-glass,  8  per  cent,  of  sodium  carbonate,  from  6  to 
8  per  cent,  of  sand  and  8  per  cent,  of  lime. 

The  analyses  of  the  screened  precipitate  and  the  acid  pre- 
cipitate are  as  follows  : — 

Gold, 

Silver, 

Copper, 

Lead, 

Zinc, 

Silica, 

Iron, 

Aluminium, 

Arsenic, 

Antimony, 

Lime, 

Sulphur,    . 

Not  determined 


Total, 


Screened 
Precipitate. 

7.66 

Acid 
Precipitate. 

4.58 

47.70 

23.99 

l.ll 

L98 

4.00 

12.99 

7.79 

6.06 

U.90 

3.03 


9.67 


11.78 


iOU.UO 


2.12 

0.41 

9.22 

9.94 

24.07 

100.00 
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On  the  average,  the  screened  precipitate  will  yield  65  per 
cent,  of  bullion,  while  the  acid  precipitate  will  yield  32  per 
cent,  of  bullion,  the  lower  percentage  of  the  latter  being  largely 
due  to  the  presence  of  calcium  sulphate,  which  is  hard  to  wash 
out  entirely. 

The  copper,  which  is  contained  in  the  ore  in  very  small 
quantities,  gradually  concentrates  in  the  weak  boxes.  There 
is  never  enough  of  it  in  the  solution  to  interfere  with  the  pre- 
cipitation of  the  gold  and  silver. 

The  bullion  from  the  acid  precipitate  is  always  higher  in 
fineness  than  that  from  the  screened  precipitate,  because  the 
gold,  61  per  cent,  of  which  precipitates  in  the  first  compart- 
ment, clings  to  the  zinc-shorts  more  firmly  than  does  the  silver, 
which  precipitates  in  a  loose  form  and  is  chiefly  collected  with 
the  screened  precipitate. 

During  the  last  six  months  the  average  fineness  of  the  bul- 
lion obtained  from  the  screened  and  acid  precipitates  was : — 


Bullion  from  Screened 
Precipitates. 

Bullion  from  Acid 
Precipitates. 

Gold 

Fineness. 
133.0 

767.4 

Fineness. 
193.06 

Silver 

696.94 

Total 

900.4 

890.00 

The  analysis  of  the  bullion  gave — Gold,  12;  silver,  77.02; 
copper,  1.98;  lead,  4.46;  zinc,  32;  silica,  nil;  iron  and  alu- 
mina, 0.35;  total,  96.13  per  cent. 

5.  Briquettiny  Precipitates. — The  briquettes  are  made  by  a  small 
upright  machine  run  by  compressed  air.  The  cylinder  is  14 
in.  and  the  briquette  mold  2|  in.  in  diameter.  Under  an  air- 
pressure  of  80  lb.  the  briquettes  are  compressed  at  a  pressure  of 
2,000  lb.  per  sq.  in. ;  but  generally  a  pressure  of  40  lb.  of  air  is 
sufficient.  In  some  cases,  if  a  higher  pressure  be  used,  the 
briquettes  will  break  in  half  when  forced  out  of  the  mold. 

The  machine  is  fed  automatically  by  a  plunger-feed,  which 
is  at  the  bottom  of  a  V-shaped  hopper.  The  briquette  is  made 
by  the  down-stroke  of  the  plunger,  and  is  returned  to  the  top 
of  the  mold  by  a  return  plunger,  which  is  connected  to  the  pis- 
ton-rod by  side  rods. 

Two  men  can  handle  the  machine  and  make  10  briquettes  a 
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minute.  Much  experimenting  showed  that  the  best  binder  was 
8  per  cent,  of  slacked  hme,  moistened  by  a  saturated  solution 
of  borax-water,  and  added  to  the  flux.  The  briquettes  do  not 
"  dust,"  even  if  they  get  chipped  in  handling.  If  borax-water 
is  used  alone  the  precipitate  must  first  be  dried.  Using  lime, 
the  precipitate  should  contain  about  10  per  cent,  of  moisture. 

Crude  petroleum  answers  fairly  well  as  a  binder,  but  it  con- 
tains carbon,  which,  during  the  melting,  reduces  zinc  and  other 
metals,  and  produces  a  base  bullion.  Briquettes,  3  in.  thick, 
average  2  lb.  in  weight. 

6.  Melting. — On  the  day  of  melting,  the  fires  are  started  by 
the  night-man  towards  5  or  6  a.m.,  and  as  soon  as  the  bottom 
of  the  crucible  becomes  dull  red  it  is  filled  with  the  damp  bri- 
quettes. In  from  60  to  90  min.  the  briquettes  in  the  bottom 
begin  to  melt,  and,  as  the  charge  sinks  in  the  crucible,  fresh 
additions  are  made  as  long  as  there  is  no  danger  of  getting  the 
damp  briquettes  added  directly  into  the  molten  mass,  because, 
if  this  were  done,  the  charge  would  spit  and  throw  the  slag  and 
metal  out  of  the  crucible. 

The  crucibles  are  removed  from  the  furnace  by  an  air-lift. 
The  tongs  holding  the  crucible  are  suspended  by  a  bail,  hinged 
in  such  manner  that  the  crucible,  when  two-thirds  full  of  metal 
and  slag,  can  easily  be  tilted. 

It  takes  from  3.5  to  4  hr.  to  melt  down  and  pour  one  charge. 
Five  furnaces  at  one  time  are  used  for  refining  precipitate,  and 
one  for  bullion ;  and  one  man  and  two  stokers  melt  and  refine 
2,000  lb.  of  precipitate  in  10  hours.  The  bullion  and  slag  to- 
gether are  poured  into  conical  molds,  and,  after  solidification, 
the  slag  is  broken  off",  and  the  bullion  remelted  in  No.  100  and 
No.  200  crucibles,  from  which  a  dip-sample  is  taken.  The 
bullion  is  poured  into  bars,  each  weighing  about  1,000  ounces. 

7.  Slags. — The  slag  obtained  from  the  smelting  of  the  pre- 
cipitate is  sorted ;  the  center  part  of  the  slag  cones  is  remelted 
in  a  special  cupola  furnace,  while  the  outer  shell,  as  well  as  the 
slag  from  the  top  of  the  bullion  bars,  is  remelted  with  from  5 
to  10  per  cent,  of  litharge-slag  from  the  assay-office.  The  slag 
so  remelted,  assaying  about  $10  in  gold,  and  from  15  to  20  oz. 
of  silver  per  ton,  is  added  to  the  charge  that  goes  to  the  cupola 
furnace. 

The  ashes,  sorted  and  screened  to  separate  them  from  pieces 
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of  coke  and  clinkers,  are  mixed  with  lime  and  water,  made  into 
cakes  and  allowed  to  dry.  These  ash-cakes  are  also  melted  in 
the  cupola  furnace. 

The  cupola  furnace,  which  has  been  in  operation  only  a  few 
times,  is  proving  to  be  a  success ;  the  blast  used  has  been  com- 
pressed air,  but,  as  it  was  not  easy  to  control  the  fire  by  such 
means,  arrangements  are  being  made  to  use  a  small  blower. 

The  slag  from  the  furnace  assays  from  $3  to  $5  in  gold-value 
and  5  oz.  of  silver  per  ton.  Data  concerning  the  flue-dust  are 
not,  as  yet,  available.  A  sample  swept  from  the  floor  of  the 
dust-chamber  assayed  $210.90  in  gold  and  90  oz.  of  silver  per 
ton,  while  a  sample  of  flue-dust  from  the  chimney  of  the  old 
melting-furnaces  assayed  $372.06  in  gold  and  200  oz.  of  silver 
per  ton. 

A  part-analysis  of  the  slag  from  screened  precipitates  gave  : — 
Gold,  $24.38,  and  silver,  18.0  oz.  per  ton;  copper,  trace;  lead, 
1.05;  zinc,  1.13;  silica,  20.60;  iron  and  alumina,  4.18;  and 
lime,  7.60  per  cent. 

8.  Cuttwg  the  Zinc. — The  zinc-sheets,  which  are  from  6  to 
7  ft.  long  and  from  3  to  4.5  ft.  wide,  are  cut  on  a  machine- 
lathe.  They  are  wound  on  a  wooden  mandrel,  about  14  in.  in 
diameter  and  a  little  longer  than  the  width  of  the  sheets.  The 
lathe  is  geared  to  200  rev.  per  min.,  and  the  cutting-tool  moves 
at  a  speed  of  0.62  in.  per  minute.  One  man  and  a  boy  will 
cut  from  1,000  to  1,500  lb.  of  zinc-shavings  in  9  hours.  The 
zinc-shavings  are  stretched  out  in  beds,  and  then  rolled  up  in 
shape  of  bales  and  kept  in  stock. 

9.  Cost. — Exact  figures  for  the  cost  of  precipitation  in  the 
new  zinc-room  are  not  yet  available. 

In  the  old  mill,  during  the  last  six  months,  the  average  num- 
ber of  tons  crushed  per  month  was  10,380  tons.  The  cyanide- 
plant  produced,  per  month,  29,859  oz.  of  bullion,  averaging  a 
total  fineness  of  889,  or  4,030.35  oz.  of  fine  gold,  and  26,533.6 
oz.  of  fine  silver, 

The  cost  of  precipitating  and  melting,  per  ounce  of  bullion 
produced,  and  per  ton  of  ore  crushed,  are : — 
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Labor,  .  .  .  . 
Zinc,  .  .  .  . 
Repairs,  supt. ,  and  light, 

Total,    . 


Labor, 
Chemicals, 
Crucibles, 
Fuel, 
Repairs,  supt. 


Precipitation. 

Cost  per  Oz. 
of  Bullion. 

Cost  per  Ton 
of  Ore  Crushed 

.      $0.0094 

$0.0272 

.       0.0233 

0.0767 

.       0.0059 

0.0169 

Melting. 


Total, 


power  and  light. 


Zinc-consumption, 
Sulphuric  acid. 


$0.0386 


$0.1208 


Cost  per  Oz. 
of  Bullion. 

Cost  per  Ton 
of  Ore  Crushed 

.     $0.0051 

$0.0147 

.       0.0061 

0.0175 

.       0.0034 

0,0100 

.       0.0027 

0.0077 

0.0039 

0.0113 

.     $0.0212 

$0.0612 

Per  Oz.  of 
Bullion. 

Per  Ton  of 
Ore  Crushed 

0.36  lb. 

1.21  lb. 

.       0.05  lb. 

0.14  lb. 
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The  Amalgamation  of  Gold-Ores.^ 

BY   THOMAS   T.    READ,    NEW   YORK,    N.    Y. 
(London  Meeting,  July,  19UG.) 

The  purpose  of  the  following  research,  as  originally  planned, 
was  to  investigate  the  influence  of  temperature  upon  the  plate- 
amalgamation  process.  In  order  to  consider  the  amalgamation 
process  intelligently,  it  was  first  necessary  to  learn  the  nature 
of  an  amalgam.  In  the  performance  of  this  task  it  w^as  found 
necessary  to  consult  a  large  volume  of  literature  and  to  perform 
experimental  investigations.  The  conceptions  of  the  nature  of 
amalgams  thus  obtained  have  so  important  a  bearing  on  the 
amalgamation-process  as  a  whole,  as  well  as  upon  the  possible 
influences  of  temperature,  that  it  w^as  advisable  to  include  them 
in  the  treatment  of  the  subject.  The  broader  title  is  therefore 
used,  even  though  some  features  of  the  amalgamation  process 
have  been  treated  very  briefly  and  others  entirely  omitted, 
there  being  nothing  new^  to  present  regarding  them  and  their 
development  not  required  for  a  clear  presentation  of  the  mat- 
ter in  hand. 

I.  Historical  Introduction. 

Gold  was  one  of  the  earliest  metals  know^n  to  man.  Occur- 
ring in  the  metallic  state,  it  could  be  picked  up  in  nuggets  or 
washed,  as  o-old  dust,  from  the  sand  and  gravel  of  streams.  In- 
teresting  descriptions  of  the  processes  employed  in  early  times 
for  the  recovery  of  gold  may  l)e  found  in  Pliny's  Natural  His- 
tory and  in  the  treatise  by  Agricola  on  ores  and  minerals.  But 
little  progress  in  the  treatment  of  the  ores  of  gold  was  possible 
until  efl&cient  crushing  machines  were  devised.  This  want  was 
supplied  by  the  introduction,  about  the  beginning  of  the  six- 
teenth century,  of  the  stamp-mill  to  treat  the  ores  of  Saxony. 
Blanket-strakes,  or  similar    devices,   w^ere    used  to  catch  the 

*  Submitted  in  partial  fulfilment  of  the  requirements  for  the  Degree  of  Doctor  of 
Philosophy,  in  the  Faculty  of  Pure  Science,  Columbia  University,  and  accepted 
for  publication  in  the  Transactions  oi  the  American  Institute  of  Mining  Engineers. 
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gold.  Except  in  the  gradual  improvement  of  the  machinery 
no  important  advances  were  made  for  many  years.  Hungary 
was  the  principal  center  of  gold-milling  in  the  eighteenth  cen- 
tury. When  the  gold-fields  of  the  southern  United  States 
were  opened  up,  the  processes  used  there  were  substantially 
the  same  as  those  employed  in  Hungary.  But  when  the  gold- 
fields  of  California  were  discovered,  the  great  richness  of  the 
ores  naturally  stimulated  inventive  ability,  and  a  legion  of 
patent  amalgamators  resulted ;  these  mostly  survive  at  present 
only  in  the  Patent  Ofiice  records. 

An  improvement  of  lasting  merit  was  the  substitution  of 
copper  plates  "  amalgamated  "  or  coated  with  a  film  of  mer- 
cury, for  the  blanket-strakes,  etc.,  until  then  employed  to  catch 
the  gold  liberated  by  crushing.  This  improvement  is  of  such 
signal  importance  that  it  is  to  be  regretted  that  the  inventor  is 
not  known.  The  introduction  of  amalgamated  plates  into  all 
the  districts  where  gold-ores  were  being  milled  quickly  followed, 
until  at  present  their  use  is  well-nigh  universal  for  ores  that  are 
adapted  to  stamp-milling  or  dredging. 

n.  The  Amalgams. 

The  amalgams  have  been  a  subject  for  research  since  the 
earliest  days  of  the  alchemists,  and  in  few  directions  has  so 
much  work  been  done  with  such  meager  results  in  the  acquir- 
ing of  exact  information.  Research  has  proceeded  along  every 
practicable  line ;  but  it  is  not  yet  possible  to  say  that  the  nature 
of  amalgams  is  completely  understood,  although  results  ob- 
tained within  the  last  few  years  have  placed  them  in  a  much 
clearer  light  than  ever  before. 

The  assumption  was  early  made  that  mercury  forms  an  in- 
ter-metallic compound,  or  a  series  of  compounds,  with  the 
metals  with  which  it  amalgamates.  Many  attempts  have  been 
made  to  isolate  such  compounds  by  the  use  of  solvents,  pres- 
sure, filtering,  or  volatilization,  and  many  compounds  have  been 
described,  although  the  most  accurate  work  has  shown  in  many 
cases  that  the  results  are  not  concordant  enough  to  justify  the 
assigning  of  definite  formulpe.  The  heat  of  formation  of  amal- 
gams also  has  been  studied  by  several  investigators,  most  nota- 
bly Berthelot.  It  was  found  that  in  some  cases  heat  was 
evolved  and  in  others  absorbed.     A  simple  and  complete  ex- 
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planation  of  the  results  was  not  easy  in  most  cases.  The  specific 
gravity  and  specific  heat  of  amalgams  have  also  received  at- 
tention, the  general  conclusion  being  that  amalgams  are  mix- 
ture's of  a  solid  and  a  liquid.  An  investigation^  of  the  thermal 
expansion  has  shown  that  where  the  percentage  of  the  metal 
other  than  mercury  is  ver}"  small  the  amalgam  acts  like  a  solu- 
tion, but  with  greater  percentage  of  the  other  metal  (tin,  lead, 
or  zinc)  it  is  apparently  a  mixture  of  a  liquid  and  a  solid. 

The  study  of  the  electrical  properties  of  amalgams  has  been 
more  thorough  because  of  their  use  in  the  preparation  of  stand- 
ard cells.  Investigation  of  the  electrical  conductivity  has,  in 
general,  gone  to  show  that,  for  small  percentages  of  foreign 
metals  in  the  mercury,  the  eifect  is  that  of  a  solution;  while 
for  greater  percentages,  apparently  a  mixture  of  liquid  and 
solid  is  present ;  thus  confirming  the  results  of  the  investiga- 
tions of  the  thermal  expansion  and  specific  gravity.  The  study 
of  the  electro-motive  force  of  amalgams  has  given  more  defi- 
nite results.  In  the  case  of  the  alkali  metals  it  has  been  dem- 
onstrated that  more  than  one  inter-metallic  compound  is  formed 
with  mercury.  Haber^  concluded  generally  that  the  metals 
in  amalgams  either  were  in  the  atomic  state  or  formed  com- 
pounds of  the  type  Ilgj^M. 

The  microscopic  examination  of  polished  surfaces  of  amal- 
gams has  so  far  yielded  but  unsatisfactory  results,  due  to  the 
difficulties  arising  from  the  presence  of  the  liquid  phase.  The 
study  of  the  freezing-point  curves  has  been  more  productive, 
but  is  not  entirely  concordant  with  the  foregoing  work.  In 
the  case  of  the  tin-amalgams.  Van  Heteren^  has  found  that 
either  tin,  or  a  solid  solution  of  mercury  in  tin,  freezes  out 
from  the  liquid  down  to -34.5°  C,  at  which  point  a  transforma- 
tion takes  place,  and  the  new  form,  "  probably  mixed  crystals," 
freezes  out  to  the  solidification  point  of  mercury.  Roozeboom* 
has  shown  that,  in  the  series  Cd-Hg,  above  77  per  cent,  of  Cd 
mixed  crystals  separate  out;  below  67  per  cent,  of  Cd  other 
mixed  crystals  of  the  Hg  type  separate  out;  between  these 

^  Cattaneo,  Atti  della  Reale  Accademia  delle  scienze  di  Torino,  vol.  xxv.,  pp. 
342-59,  492  (1890). 

-  Zeitschrift fiir  physihdische  Chemie,  vol.  xli.,  p.  399  (1902). 

'  Zeitschrift  fur  anorganische  Chemie,  series  2,  vol.  xlii.,  p.  129  (1904). 

*  Proceedings  KoninJdijke  Akademie  van  Weienschappeii,  Amsterdam,  vol.  iv. ,  p.  1 
(1901). 
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ranges  the  action  is  more  complex.  Cd  is  insoluble  in  solid 
mercury. 

The  most  complete  study  of  amalgams  by  means  of  their 
cooling-curves  has  been  done  by  Pushin,^  who  carefully  traced 
the  cooling-curves  of  the  series,  Hg-Bi ;  Hg-Cd;  Hg-Zn;  Hg-Pb 
and  Hg-Sn.  These  curves  showing  no  evidence  of  the  separ- 
ation of  inter-metallic  compounds,  the  author  concluded  that 
the  series  Hg-Zn  and  Hg-Bi  are  mechanical  mixtures,  and  the 
series  Hg-Cd,  Hg-Sn  and  Hg-Pb  are  solid  solutions.  These  re- 
sults can  scarcely  be  accepted  without  comment,  but  criticism 
does  not  find  a  proper  place  here.  Mercury  forms  the  eutec- 
tic  for  all  the  series,  except  Hg-Zn,  where  the  eutectic  occurs 
at  about  2^  per  cent,  of  Zn.  Tamman''  had  already  shown 
that  for  the  series  Hg-Zn  and  Hg-Bi  the  eutectic  is  very  nearly 
pure  mercury. 

In  conclusion,  it  may  be  said  that  with  the  alkali  metals  mer- 
cury forms  a  rather  complicated  series  including  several  inter- 
metallic  compounds."  With  some  of  the  other  metals  the 
amalgams  consist  of  solid  or  liquid  solutions  or  mixtures  of 
both.     Others  are  not  yet  completely  understood. 

ni.  Gold  and  Silver  Amalgams. 

1.  Native  Amalgams. — Naturally  occurring  amalgams  of  gold 
and  silver  have  been  found  in  some  localities.  Schneider^  re- 
ports gold-amalgam  occurring  in  small  grains  with  the  pla- 
tinum of  Colombia,  and  having  approximately  the  composition 
Au^Hgj.  An  amalgam  from  the  Mariposa  region,  California, 
analysed  by  Sonnenschein,^  was  nearly  AugHg^  in  composition. 
Silver-amalgam  is  more  common,  and  numerous  occurrences 
and  analyses  are  cited  in  Dana's  System  of  3Imeralogy.  The 
crystals  of  silver-amalgam  are  isometric,  commonly  dodecahe- 
dral,  the  analyses  vary  from  Ag2Hg3  to  nearly  pure  silver.  Iso- 
metric crystals  occurring   in  cavities  tilled  with  mercury,    at 

^  Zurnal  russkago  physiko-chimiskac/o  Obshesivo,  vol.  xxxiv.,  p.  856  (1902).  Zeit- 
schrift  filr  anorganische  Chemie,  xxvi.,  p.  201  (1904). 

®  ZeitschriftfUr  physikalische  Chemie,  vol.  iii.,  p.  441   (1889). 

'  Schnller,  Metallurgie,  vol.  i.,  p.  433  (1904).  Kurnakov,  Zurnal  rufsskago 
physiko-chimiskago  Obshestvo,  vol.  xxxi.,  p.  927  (1899). 

"  Journal  fur  praktische  Chemie,  vol.  xliii.,  p.  317  (1848). 

^  Zeitschrift  der  Deutschen  geologischen  Gesellschaft,  vol.  vi.,  p.  243  (1854). 
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Sala,  Sweden,  analysed  by  Sjogren, ^^'  had  the  composition 
AgjHgg.  But  in  the  case  of  these  amalgams  it  is  only  where 
there  is  excess  of  mercury  present  that  we  can  be  certain  that 
no  mercury  has  been  lost  by  alteration.  It  is  extremely  diffi- 
cult to  free  the  amalgam  from  this  excess  of  mercury;  and  the 
analyses  do  not  seem  to  justify  a  more  definite  statement  than 
that  the  composition  of  natural  amalgams  is  somewhere  near 
AuHg  and  AgHg. 

2.  Artificial  Amalgayiis. — Joule"  in  1850  described  the  prep- 
aration of  a  silver  amalgam  by  the  action  of  silver  nitrate  on 
mercury.  He  used  a  pressure  of  72  tons  (per  square  inch  ?)  to 
press  out  the  excess  of  mercury,  and  in  this  way  produced  a 
hard  mass  of  shining  crystals  to  which  he  gave  the  formula 
AgHg. 

Henry^^  treated  finely-divided  gold  with  mercury,  removed 
the  excess  of  the  latter  by  pressing  through  chamois  leather, 
and  treated  the  residue  with  hot  nitric  acid,  thus  obtaining 
yellow  shining  crystals,  to  which  he  assigned  the  formula 
AusHg. 

DeSousa'^  attempted  to  obtain  amalgams  free  from  excess  of 
mercury,  by  holding  them  at  a  high  temperature  and  ordinary 
pressure  until  there  was  no  further  loss  of  weight.  The  tem- 
peratures used  were  those  of  boiling  mercury,  sulphur  and 
diphenylamine.  At  the  temperature  of  boiling  mercury,  he 
obtained  AugHg  and  AguHg.  In  sulphur  vapor  AugHg  and 
AgjjHg  were  produced,  while  with  diphenylamine  AugHg  and 
Ag^Hg  were  found. 

Merz  and  Weith'*  later  repeated  this  work  more  carefully, 
conducting  the  heating  in  a  stream  of  hydrogen  or  nitrogen. 
They  found  that  the  loss  of  mercury  was  apparently  continuous, 
though  very  slow,  in  the  later  stages,  and  concluded  that  the 
amalgams  are  decomposed  at  the  boiling-point  of  mercury  and 
that  the  small  amount  of  mercury  retained  is  mechanically 
held. 

'°  GeoIogisJca  Foreninyens  i  Stockholm  Fdrhandllnger,  voL  xxii.,  p.  187-190  (1900). 
"  British  Association  Report,  1850,  p.  55. 
^^  Philosophical  Magazine,  series  4,  vol.  ix.,  p.  468. 

^^  Berichte  der  Deutschen  chemischen  Gesellschcift,  vol.  viii.,  p.  1616  and  vol  ix., 
p.  1050. 

^*  Berichte  der  Deutschen  chemischen  Gesellschaft,  vol.  xiv.,  p.  1438. 
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Schnauss'^  and  Dudley,"*  repeating  the  work  in  the  same 
manner  as  De  Sousa,  obtained  similar  results. 

Knaffl,"  using  HNO3  of  1.35  sp.  gr.  at  a  temperature  of  80°  C, 
separated  isometric  crystals  which  he  states  to  be  nearly  pure 
gold.  Chester'*  found  that,  beginning  with  cold  nitric  acid 
of  1.2  sp.  gr.,  gently  heating,  and  finishing  with  hot  acid  of 
1.4  sp.  gr.,  elongated  needles  could  be  obtained  which  appeared 
to  be  hexagonal  prisms  terminated  with  pyramids  and  base. 
These  contained  about  6  per  cent,  of  mercury.  Both  Knaffl 
and  Chester  were  investigating  the  crystallization  of  gold,  and 
paid  little  attention  to  the  mercury-content  of  the  crystals. 
Wilm'*  by  the  use  of  nitric  acid  obtained  needles  and  prisms 
which  contained  from  9.87  to  11.45  per  cent,  of  mercury. 
Fedorow-°  states  that  the  crystals  left  by  the  treatment  of  gold- 
amalgam  with  nitric  acid  are  prismatic,  belonging  to  the  hex- 
octahedral  class,  being  elongated  in  a  direction  perpendicular 
to  the  octahedron  faces.  Fremy^'  states  that  a  white  crystal- 
line mass'  having  the  composition  AuHg^  can  be  separated  from 
gold-amalgam.  Many  other  statements  in  regard  to  the  com- 
position of  gold-amalgams  can  be  found  scattered  through  tech- 
nical journals  and  text  books,  but  these  are  usually  vague  or 
are  based  on  very  slender  evidence. 

Kasantself"  studied  the  action  of  nitric  acid  on  solid  and 
liquid  gold-amalgams,  concluding  that  the  resulting  alloys  were 
not  homogeneous  in  character.  He  also  investigated  the  solu- 
bility of  gold  in  mercury,  by  filtering  a  liquid  amalgam  through 
capillar}'  tubes,  and  determined  a  solubility  of  0.011  per  cent. 
of  gold  at  0°  C,  0.126  per  cent,  at  20°  C.  and  0.65  per  cent. 
at  100°  C.  Dudley-^  checked  this  work  by  allowing  mercury 
containing  0.1  per  cent,  of  gold  to  stand  quietly  for  several 

'^  Archiv  der  Pharmazie,  series  3,  vol.  vi.,  p.  411. 

'"  Proceedings  American  Association  for  the  Advancement  of  Science,  vol.  xxxviii., 
p.  145  (1S89). 

^'  Dingier  s  Polytechnische  Journal,  vol.  clxviii.,  p.  282  (1863). 

'*  American  Journal  of  Science,  series  3,  vol.  xvi.,  p.  29  (1878). 

'''  Zeitschrift fiir  anorganische  Chemie,  vol.  iv.,  p.  325  (1893). 

^*'  Verhandlung  der  russischen  Kaiserlichen  chemischen  Gesellschoft,  vol.  xxx.,  p. 
455  (1893). 

^^  Encyclopedie  Chimique,  vol.  iii.,  p.  99. 

"  Bulletin  de  la  Societe  Chemigue,  series  2,  vol.  xxx.,  p.  20. 

^*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science,  vol. 
xxxviii.,  p.  160  (1889). 
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months  at  20°  C.  in  a  tall  glass  cylinder.  The  mercury  de- 
canted from  the  top  at  the  end  of  this  time  contained  0.068 
per  cent,  of  gold,  and  after  filtering  through  boxwood  con- 
tained 0.06  per  cent,  of  gold,  indicating  that  the  higher  figures 
are  due  to  the  presence  of  fragments  of  gold  or  gold-amalgam 
so  minute  as  to  pass  through  the  filtering  device  employed. 

Berthelot-*  studied  the  heat  of  formation  of  various  silver 
amalgams;  the  results  are  significant,  but  are  not  easily  ex- 
plained. Ogg^^  has  investigated  the  chemical  equilibrium  be- 
tween silver  nitrate  solution  and  mercury.  He  found  that  be- 
yond a  certain  concentration  of  silver  in  the  mercury  a  solid 
phase  separates  out.  By  the  use  of  methods  analgous  to  those 
generally  adopted  for  hydrated  salts  the  composition  was  de- 
termined to  be  AggHg^.  This  agrees  very  closely  with  the  nat- 
urally occurring  silver  amalgam. 

3.  Research  Work. — The  work  of  Pushin  on  the  cooling-curves 
of  amalgams  resulted  in  the  acquiring  of  definite  data  in  re- 
gard to  their  constitution.  The  attempt  was  therefore  made  to 
apply  this  method  of  study  to  the  gold-amalgams.  A  nickel- 
copper  thermo-electric  couple  was  prepared  and  calibrated  for 
the  purpose ;  nickel-copper  being  employed  rather  than  pla- 
tin-rhodium  because  of  its  much  greater  sensitiveness,  espe- 
cially for  the  ranges  of  temperature  within  which  it  was  in- 
tended to  be  employed. 

The  mercury  used  was  chemicall}"  pure,  having  been  puri- 
fied by  redistillation  and  treatment  with  acid.  The  gold  em- 
ployed was  inquarted  and  parted  with  nitric  acid,  then  dis- 
solved in  aqua  regia,  and  precipitated  by  warming  Avith  ethyl 
alcohol,  yielding  a  bright  crystalline  powder  which  was  readily 
taken  up  by  the  mercury. 

Since  mercury  forms  the  eutectic  of  the  gold-mercury  series, 
it  is  evident  that,  for  mixtures  high  in  mercury,  the  freezing- 
point  curve  coincides  with  the  solubility  curve  of  gold  in  mer- 
cury. The  solubility  of  gold  in  mercury  being  known  from 
the  researches  of  KasantseiF  and  Dudley,  it  was  easy  to  pre- 
pare an  alloy  of  such  composition  that  on  cooling  from  the 
molten  state  the  solid  phase  should  begin  to  separate  out 
near  100°  C.     This  was   placed  in  a  small  hard  glass  tube 

^*  Comptes  rendus,  vol.  cxxxii. ,  p.  241  (1901). 

^^  Zeitschrift  filr  physikalische  Chemie,  vol.  xxvii. ,  p.  285  (1898). 
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surrounded  by  a  mixture  of  magnesia  and  asbestos,  the  whole 
being  enclosed  in  a  crucible  and  carefully  covered  to  exclude 
drafts.  It  was  raised  to  a  temperature  of  150°  C.  and  slowly  . 
cooled.  The  cooling-curve  was  perfectly  smooth,  without  any 
breaks  whatever.  The  experiment  was  repeated  several  times 
with  always  the  same  result.  Mixtures  containing  more  gold 
were  then  employed  and  the  initial  heating  was  carried  to 
higher  temperatures,  finally  using  a  mixture  in  which  it  was 
evident  that  there  was  a  solid  phase  still  present  near  the  boil- 
ing point  of  mercury.  So  much  mercury  is  lost  by  volatiliza- 
tion at  these  high  temperatures  that  any  results  which  might 
have  been  obtained  would  have  been  untrustworthy. 

No  breaks  in  the  cooling-curve  could  be  detected,  and  it  be- 
came evident  that  this  method  of  research  was  unproductive 
of  results.  Probably  "this  was  because  the  lag  of  the  solid 
phase  was  not  marked  enough  to  produce  a  distinct  jog  in  the 
curve.  It  was  not  possible  to  work  with  mixtures  high  in  gold, 
for  the  mercury  is  lost  by  volatilization  below  their  fusing- 
points  at  ordinary  pressure,  and  the  facilities  were  not  at  hand 
for  working  under  high  pressures.  The  study  of  cooling-curves, 
therefore,  had  to  be  abandoned,  without  having  secured  any 
definite  results. 

But  this  work  had  shown  that  a  solid  phase  is  present  at  or- 
dinary temperatures  with  alloys  low  in  gold.  The  constitution 
of  this  solid  phase  was  the  next  subject  of  investigation.  It 
was  inferred  that  if  an  alloy  was  prepared  in  which  the  gold 
was  entirely  in  solution  in  the  mercury,  and  this  alloy  sub- 
jected to  the  action  of  a  solvent  which  would  dissolve  the  mer- 
cury, but  not  attack  the  solid  phase,  then  we  would  get  prac- 
tically the  eftect  of  the  freezing-out  of  the  solid  phase  by  the 
removal  of  the  mercury  with  which  it  was  in  equilibrium, 
finally  leaving  only  the  solid  phase  present. 

Nitric  acid  was  judged  to  be  the  most  likely  solvent  to  yield 
good  results.  An  excess  of  the  finely-divided  gold  was  added 
to  mercury,  and  the  mixture  held  at  100°  C.  The  resulting 
liquid  was  filtered  oft'  and  treated  with  nitric  acid  of  difterent 
strengths,  both  at  100°  C.  and  at  ordinary  temperature.  The 
results  were  very  variable.  Acid  of  1.42  sp.  gr.  at  100°  C. 
gave  a  brownish  powder,  of  indistinct  structure,  which  was 
nearly  pure  gold,  becoming  bright  on  ignition.    With  acid  of 
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less  and  less  strength  the  solid  contained  more  mercury,  and 
with  1.1  acid  the  residue  contained  13.62  atomic  per  cent,  of 
mercury  (i.  e.,  13.62  atoms  of  mercury  in  100  atoms  of  the 
alloy).  Numerous  determinations  on  this  residue  showed  it  to 
be  fairly  uniform  in  composition  throughout. 

The  residues  were  examined  under  the  microscope  by  re- 
flected light,  using  magnifications  of  40  and  60  diameters.  The 
powders  from  the  stronger  acid  were  indistinctly  crystalline, 
apparently  isometric  where  the  form  could  be  distinguished. 
The  residue  from  the  1.1  acid  was  made  up  of  distinct  isomet- 
ric crystals  of  a  golden  color,  the  octahedron  and  cubo-octahe- 
dron  being  the   forms  observed.     Scattered  throughout  these 


Magnified  Gu  Diameters. 
Fig.  1. — Gold-Mercury  Series.     Isometric  Cry.stals,  Solid  Solution. 

were  a  few  long  needles  of  a  ])right  l)rassy  yellow;  their 
form  could  not  be  determined  Ije^'ond  that  they  were  appar- 
ently elongated  prismatic  crystals.  Good  photographs  of  this 
crystal  mixture  could  not  be  obtaiued  because  of  the  nature 
of  the  material,  but  Fig.  1  shows  its  general  isometric  char- 
acter. 

With  the  use  of  nitric  acid  of  1.05  sp.  gr.  different  results 
were  obtained.  The  entire  residue  consisted  of  the  brassy  yel- 
low crystals,  and  these  were  now  so  well  developed  that  they 
could  be  distinctly  seen  to  be  hexagonal  prisms  terminated  with 
pyramids  and  the  basal  pinacoid.  Their  surfaces  were  bright, 
and  they  had  evidently  not  been   attacked  by  the  acid.      On 
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analysis  they  proved  to  contain  17.44  atomic  per  cent,  of  mer- 
cury.    They  are  shown  in  Fig.  2. 

Subsequently  to  reaching  these  results  it  was  discovered  that 
A.  H.  Chester-^  had  described  hexagonal  crystals  of  gold-amal- 
gam, stating  that  they  contained  about  6  per  cent,  of  mercury. 
Fortunately  Chester's  original  material  was  still  available  for 
study,  and  upon  examining  it  the  pitted  and  corroded  surface 
of  the  crystals  was  ample  evidence  that  mercury  must  have 
been  lost  by  the  use  of  too  strong  acid.  Chester  used  1.2  acid 
at  18°  C.  at  the  start,  finally  finishing  with  strong  hot  acid, 
hence  the  composition  obtained. 


^lagiiilied  4u  Diameters. 

Fig.  2. — Gold-Mercury  Series.     Hexagonal  Crystals,  Inter-metallic 
Compound  or  Solid  Solution. 

An  attempt  was  made  to  study  polished  surfaces  of  the  gold- 
mercury  alloys.  The  surfaces  w^ere  obtained  by  casting  on 
glass  and  mica.  In  every  case  the  excess  of  mercury  present 
coated  the  crystals,  giving  only  indistinct,  rounded  outlines 
from  which  nothing  could  be  inferred. 

Having  thus  learned  the  degree  to  which  mercury  is  soluble 
in  gold,  the  solubility  of  gold  in  mercury  was  next  investigated. 
The  differing  results  of  Kasantsefi:"  and  Dudley  have  already 
been  cited.  The  methods  used  in  checking  these  results  were 
two  in  number :  adding  an  excess  of  gold,  heating  to  a  higher 
temperature  and  filtering  at  the  temperature  desired;  and  sus- 

^^  American  Journal  of  Science,  series  3,  vol.  xvi.,  p.  29  (1878). 
vol.  xxxvii. — 5 
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pending  a  thin  sheet  of  gold  below  the  surface  of  the  mercury, 
'  holding  the  two  for  several  days  at  the  temperature  at  which  it 
was  desired  to  determine  the  solubility,  and  then  analysing  the 
mercury.  In  the  former  method  fine  cambric  and  close-grained 
chamois  were  used  for  the  filters.  It  was  found  that  the  ap- 
parent solubility  varied  with  the  closeness  of  the  filter,  the  pres- 
sure used  in  filtering,  and  also  the  degree  to  which  the  liquid 
had  previously  been  heated,  thus  sustaining  the  contention  of 
Dudley  that  the  apparent  solubility  is  due  in  part  to  the  pres- 
ence of  minute  solid  particles  which  have  passed  through  the 
filter.  The  results,  though  irregular,  indicated  that  the  solu- 
bility is  at  least  not  higher  than  the  figures  given  by  Dudley, 
namely,  0.06  per  cent,  at  20°  C.  This  conckisionwas  confirmed 
by  the  second  method,  which  also  gave  a  solubility  of  0.25  per 
per  cent,  at  100°  C.  The  first  method  gave,  for  the  solubility 
at  100°,  0.35  per  cent.  In  determining  the  solubility  by  difi'u- 
sion,  the  liquid  was  held  a  few  days  at  100°  C. ;  but  the  difiusion 
may  perhaps  not  have  completed  itself,  and  the  true  solubility 
may  be  the  mean  of  the  two  figures. 

The  solubility  of  gold  in  mercury  is  very  low  indeed.  Judg- 
ing from  the  direction  of  the  curve,  it  is  zero  at  the  freezing- 
point  of  mercury,  so  that  pure  mercury  is  the  eutectic  of  the 
gold-mercury  series. 

The  results,  though  not  entirely  satisfactory,  seem  to  justify 
the  conclusion  that  in  the  gold-mercury  series,  when  the  con- 
tent of  gold  is  high,  a  solid  solution  of  mercury  in  gold,  which 
is  isomorphous  with  gold,  separates  out.  This  solution  may 
contain  as  much  as  13  atomic  per  cent,  of  mercury.  In  the 
lower  ranges  of  the  series,  what  seems  to  be  an  inter-metallic 
compound  (holding  gold  or  mercury  in  solid  solution),  contain- 
ing 17.44  atomic  per  cent,  of  mercury,  separates  out:  this  crys- 
tallizes in  the  hexagonal  system.  From  results  on  other  amal- 
gams, there  remains  a  question  as  to  whether  this  is  really  an  in- 
termetallic  compound  rather  than  a  solid  solution  diftering  from 
the  first.  This  question,  and  others  not  completely  answered  in 
the  foregoing  work,  can  be  decided  only  after  a  large  amount 
of  very  careful  work.  Their  importance  as  bearing  on  the 
question  actually  under  investigation  did  not  appear  to  be 
great  enough  to  justify  uildertaking  such  work  at  this  time. 
Finally,  gold  is  practically  insoluble  in  solid  mercury,  and  its 
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solubility  in  liquid  mercury  for  ordinary  ranges  of  temperature 
is  very  slight  indeed. 

The  investigation  of  the  silver-mercury  series  presents  all  the 
difficulties  of  the  gold-mercury  series,  with  the  added  one,  that 
no  solvent  could  be  found  which  would  attack  mercury  without 
attacking  the  solid  phase.  The  only  results  worth  mentioning 
were  obtained  by  placing  a  solution  of  silver  in  mercury  on 
silver  plates  and  allowing  the  silver  plate  to  absorb  the  ex- 
cess of  mercury.  In  this  way  the  crystals  were  obtained  that 
are  shown  in  Figs.  3  and  4.  These  show  the  presence  of  two 
series  of  crystals,  one  apparently  isometric  and  the  other  pris- 


Magnified  40  Diameters. 
Fig.  3. — Silver-Mercury  Series.     Isometric  Crystals. 

matic,  with  some  modifying  faces.  From  this  evidence  it  may 
be  inferred  that  silver  is  similar  to  gold  in  the  forms  which 
separate  out  from  its  series  with  mercury.  The  crystals  were 
too  small  to  analyse. 

In  this  connection  it  must  be  remembered  that  Ogg^'  has 
shown  that  silver  forms  with  mercury  the  inter-metallic  com- 
pound, Ag3llg,. 

lY.  Mechanics  of  the  Amalgamation  Process. 

By  the  foregoing  considerations  the  belief  is  confirmed  that 
amalgamation  is  a  physical  rather  than  a  chemical  process. 
The  solubility  of  gold  in  mercury  is  almost  negligible,  and  the 

''''  Zeitschrift fur  physikalische  Chemie,  vol.  xxvii.,  p.  285  (1898). 
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diffusion  of  the  mercury  into  the  gold,  forming  a  solid  solution 
or  inter-metallic  compound,  is  a  rather  slow  process,  unless  the 
gold  is  very  finely  divided,  whereas  the  "  catching"  of  the  gold 
by  the  mercury  is  almost  instantaneous.  It  is  from  a  study  of 
the  physical  features  of  the  process  that  information  is  to  be 
derived  regarding  the  proper  conduct  of  the  operation.  Yet 
it  must  not  be  forgotten  that  although  amalgamation  is,  with 
respect  to  any  given  particle  of  gold,  an  almost  instantaneous 
process,  with  respect  to  the  total  mass  of  ore  it  is  a  continuous 
process,  and  any  change,  however  slow,  must  in  time  produce 
either  beneficial  or  detrimental  effects.     All  the  forces  which 


-^m^' 


Magnified  40  Diameters. 
Fig.  4. — Silver-Mercury  Series.     Prismatic  Crystals. 

operate  must  therefore  be  considered,  and  their  relative  effects 
determined. 

"With  the  exception  of  the  tellurides,  gold  occurs  in  its  ores 
as  metallic  or  free  gold,  though  frequently  alloyed  with  greater 
or  less  amounts  of  silver,  and,  less  frequently,  with  some  other 
metals.  Whether  the  tellurides  of  gold  and  silver  are  alloys 
or  compounds  is  not  a  proper  question  for  discussion  here. 
The  ores  of  gold  are  usually  divided  into  two  classes,  "  free 
milling "  and  "refractory  "  ores. 

The  closest  practicable  definition  of  these  is  that,  in  a  "free- 
milling  "  ore,  the  gold  occurs  in  such  a  form  that  it  is  readily 
and  pretty  completely  recovered  by  crushing  and  amalgama- 
tion, while  in  refractory  ores  this  is  not  the  case.     That  the  re- 
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fractoriness  of  an  ore  may  arise  from  one  or  more  of  a  variety 
of  conditions,  will  be  easily  seen  after  outlining  the  physical 
features  of  the  amalgamation  of  a  "  free-milling  "  ore. 

The  purpose  of  the  crushing  operations,  usually  performed 
in  a  stamp-mill  with  water,  is  to  free  the  gold  from  the  adher- 
ing gangue.  The  action  of  a  stamp  has  been  aptly  likened  to 
that  of  a  hammer  cracking  a  nut  and  liberating  the  enclosed 
kernel.  If  the  stamp  has  done  its  work  properly,  the  pulp,  as 
it  passes  through  the  battery-screens,  consists  of  particles  of 
gangue  and  particles  of  free  gold.  This  pulp  is  caused  to  pass 
over  copper  plates  coated  with  mercury  in  a  thin  film.  No  min- 
eral matter  other  than  metal  is  susceptible  of  being  wetted  by 
the  mercury,  and,  in  addition,  all  the  ore-material  other  than 
the  metal  is  much  lower  in  specific  gravity  than  mercury,  and 
hence  flows  over  the  mercury  surface  without  being  affected 
by  it.  The  gold,  on  the  other  hand,  on  coming  in  contact  with 
the  mercury  is  immediately  wetted  by  it,  just  as  any  ordinary 
solid  is  wetted  by  water ;  the  action  of  the  two  liquids,  water 
and  mercury,  being  identical  from  a  physical  standpoint,  and 
their  apparent  difl'erences  due  to  the  difi:erences  in  their  physi- 
cal constants.  This  action  is  assisted  by  the  fact  that  gold  has 
a  greater  specific  gravity  than  mercury,  and  therefore  readily 
sinks  beneath  its  surface ;  but  this  feature  is  not  so  important  as 
earlier  writers^®  have  claimed,  for  silver  and  the  other  lighter 
metals  are  readily  amalgamated  when  their  surfaces  are  in 
proper  condition  to  be  whetted  by  the  mercury. 

The  gold  particle,  therefore,  sinks  beneath  the  surface  of  the 
mercury  film  which  coats  the  plates,  or,  in  mill-parlance,  it  is 
"  caught."  If  the  diameter  of  the  particle  is  smaller  than  the 
thickness  of  the  mercury  film,  it  produces  no  disturbing  efifect 
on  the  latter.  If,  however,  its  diameter  be  greater,  as  will 
always  be  the  case  with  coarse  gold,  the  condition  of  afiairs 
produced  is  as  shown  in  Fig.  5. 

The  mercury  rises  over  the  grain  of  gold.  But,  as  is  well 
known,  every  liquid  has  a  tendency,  due  to  surface-tension,  to 
provide  itself  with  a  horizontal  upper  bounding-surface.  In 
the  attempt  to  do  this  in  that  part  of  the  surface  which  is  ele- 

^^  Church,  Scientific  American,  Oct.  7,  1871.     Eaymond,  Mineral  Resources  West 
of  the  Rocky  Mountains,  1872,  p.  422. 
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vated  by  the  gold  grain  lying  beneath,  the  pull  of  the  surface 
tension  is  resolved  into  components  which  press  down  the 
gold  grain  against  the  plate  with  a  force  which  is  considerable, 
compared  with  the  dimensions  and  weights  involved.  This 
force  begins  to  be  exerted  the  instant  the  grain  of  gold  is  wetted 
by  the  mercury,  and  continues  to  operate  until  the  grain  is 
drawn  beneath  the  surface ;  it  constitutes  the  so-called  "  attrac- 
tion "  which  mercury  possesses  for  gold.  Its  exact  amount 
may  be  computed,  knowing  the  size  and  shape  of  the  grain,  the 
thickness  of  the  film  and  the  temperature.  Under  the  influ- 
ence of  this  force,  especially  if  it  is  assisted  by  the  splashing 
or  dropping  of  the  pulp,  the  grains  of  gold  are  caused  to  ad- 
here to  each  other  and  to  the  plate  with  great  tenacity. 

A  third  factor,  which  is  of  great  importance  in  causing  amal- 
gam to  become  hard,  is  a  slow  molecular  flow,  or  some  action 
of  similar  character.     An  amalgam  of  finely-divided  gold  and 


Fig.  5. — Effect  of  Contact  of  a  Grain  of  Gold  with  a  Thin 
Layer  of  Mercury. 

silver,  made  up  to  the  consistency  of  a  soft  paste,  will,  after 
standing  several  days,  become  quite  hard  and  rigid,  but  after 
kneading  with  the  fingers  assumes  its  original  consistency. 
On  standing  again,  it  becomes  as  hard  as  before ;  and  this  op- 
eration may  be  repeated  indefinitely.  The  hardening  is  much 
accelerated  at  higher  temperatures,  and,  while  it  may  be  in  part 
due  to  agglomeration  caused  by  slight  changes  in  the  amount 
of  mercury  in  solution  in  the  silver  or  gold,  resulting  from  the 
daily  variations  of  temperature,  yet  chiefly  it  seems  to  be  due 
to  a  movement  of  the  particles  of  the  metal,  causing  cohesion. 
Under  the  influence  of  these  three  factors  the  amalgam  accu- 
mulated on  a  plate  sometimes  becomes  quite  hard,  requiring 
considerable  force  to  remove  it. 

It  follows,  accordingly,  that  any  condition  which  tends  to  make 
the  gold  particles  less  easily  wetted  by  the  mercury  has  an  im- 
portant detrimental  influence  on  amalgamation.  Such  condi- 
tions are  many  and  varied.    The  influence  of  grease  of  any  sort 
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is  SO  well  known  tliat  it  needs  only  to  be  mentioned.  If  the 
gold  has  not  been  liberated  by  the  crushing,  it  cannot,  of  course, 
be  caught;  and  if  it  has  been  only  partially  liberated,  the  ten- 
dency of  the  mercury  to  hold  the  gold  particle  may  be  over- 
balanced by  the  tendency  of  the  current  to  sweep  along  the 
adhering  particle  of  gangue.  Gold  alloyed  or  combined  with 
other  substances  is  frequently  rendered  by  them  incapable  of 
being  wetted  by  the  mercury.  This  is  the  case  with  the  tellu- 
rides.  Some  writers  have  asserted  that  gold  occurs  in  cer- 
tain ores  as  a  sulphide,  but  the  evidence  adduced  to  prove  such 
a  contention  is  inconclusive.  Gold  alloyed  with  bismuth  is 
similarly  affected,  and  there  may,  perhaps,  be  other  cases. 
Much  more  common,  especially  in  ores  which  have  been  subject 
to  alteration,  are  adherent  coatings  of  minerals  which  are  not 
wetted  by  the  mercury.  These  are  commonly  oxides,  but  may 
be  sulphides  or  other  gangue-minerals.  One  case  has  been 
noted  where  the  gold  particles  were  coated  with  a  film  of  chal- 
cedonic  silica.  Such  coatings  are  often  difficult  to  remove,  and 
it  may  be  necessary  to  resort  to  some  process  other  than  amal- 
gamation. A  more  lengthy  discussion  of  them  and  their  effects 
can  be  found  in  the  references  given  below.^^ 

Another  cause  suggested  for  the  refusal  of  mercury  to  wet 
gold  at  times  is,  that  the  latter  may  be  in  a  strained  state. 
Egleston^"  reported  that  gold,  after  hammering  or  rolling  until 
it  was  brittle,  would  not  amalgamate,  though  it  had  been  cleaned 
with  acid.  T.  K.  Rose^^  reports  that  he  was  not  able  to  confirm 
these  observations.  On  rolling. down  pure  gold  until  it  was  ex- 
tremely brittle,  I  found  that  it  would  not  amalgamate,  even 
after  cleaning  with  acid.  But,  on  the  surface  being  carefully 
cleaned  with  j^o.  0000  French  emery-paper,  it  readily  amalga- 
mated, demonstrating  that  the  refusal  of  the  mercury  to  wet 
its  surface  was  due  to  the  dust  and  dirt  which  had  been  pressed 
into  it,  and  not  to  the  strained  condition  of  the  metal. 

Very  fine  gold  may  be  carried  along  so  rapidly  by  the  cur- 
rent as  not  to  come  into  contact  with  the  mercury.  To  pre- 
vent this  as  far  as  possible,  the  outside  plates  are  set  at  such 
a  grade  that  as  little  water  may  be  used  as  is  consistent  with  se- 

^^  Egleston,  Metallurgy  of  Gold,  Silver  and  Mercury,  pp.  584-95.  McDermott 
and  DufBeld,  Losses  in  Oold  Milling. 

30  Trans.,  ix.,  648  (1881).  ^i  Rose,  Metallurgy  of  Gold,  p.  149. 
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curing  free  movement  of  the  pulp.  Even  if  brought  into  con- 
tact with  the  mercury,  such  gold  may  refuse  to  become  wetted, 
because  the  mercury  is  not  able  to  displace  the  air  or  liquid 
film  already  adhering  to  its  fine  particles.  The  operation 
of  similar  action  in  the  case  of  some  sulphides  in  the  various 
flotation  processes  is  already  known.  The  refusal  of  mercury 
to  wet  very  fine  gold  has  been  noted  by  many  writers,  and 
Louis^^  has  ascribed  it  to  the  existence  of  an  allotropic  modifi- 
cation of  gold  which  is  not  wetted  by  mercury.  This  may  be 
the  case;  but  very  finely-divided  silver  also  refuses  to  be  wetted 
by  mercury,  and  it  is  perhaps  better  to  leave  the  matter  as  an 
open  question  until  further  proof  can  be  adduced. 

It  is  usually  the  case  that  mercury  is  fed  into  the  stamp-bat- 
tery in  order  that,  during  the  agitation  of  crushing,  the  gold 
may  be  brought  into  contact  with  the  mercury,  each  grain  being 
thereby  thoroughly  wetted.  By  the  violent  agitation  during 
crushing,  the  mercury  is  subdivided  into  very  small  globules, 
thereby  greatly  increasing  the  chances  that  every  gold  particle 
will  be  brought  into  contact  with  the  mercury  and  receive  an 
adherent  coating,  which  practically  insures  its  being  "  caught " 
by  the  plates.  This  is  for  a  triple  reason :  the  weight  of  the  par- 
ticle is  greatly  increased;  it  is  made  more  nearly  spherical  and 
correspondingly  less  likely  to  be  carried  off"  by  the  current  of 
water ;  and,  finally,  the  mercury  film  of  the  plates  more  readily 
"  catches  "  a  wetted  particle  than  a  dry  one.  To  express  the 
last  statement  in  another  way,  mercury  has  less  surface-tension 
against  mercury  than  it  has  against  gold.  This  subdivision  of 
mercury  into  fine  globules  is  one  of  the  most  important  func- 
tions of  the  stamp-mill,  and  many  authorities  ascribe  the  ex- 
cellence of  stamp-milling  as  a  process  for  the  treatment  of  gold- 
ores  principally  to  this  feature  of  the  operation. 

But  disadvantages  are  also  introduced  by  this  practice.  The 
most  important  of  these  are  the  losses  brought  about  by  the 
"sickening"  and  "flouring"  of  the  mercury.  This  arises 
chiefly  from  one  or  all  of  three  causes.  The  first  is  purely  me- 
chanical. By  the  agitation  in  the  battery  the  mercury  is  broken 
up  into  such  small  drops  that  the  surface-tension  of  each  is 
enormous,  compared  to  its  weight.    This  great  surface-tension^^ 

3*  Trans.,  xx.,  182  (1891),  and  xxiv.,  705  (1894). 

3^  The  surface-tension  of  mercury  against  water  at  20^  C  is  418  dynes  per 
linear  centimeter.     Quincke,  Wiedermann^ s  Annalen,  1886,  p.  219. 
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then  keeps  the  globules  perfectly  spherical,  and  when  they 
come  into  contact  it  is  only  at  a  point  rather  than  along  a  line 
or  upon  a  surface ;  the  tendency  of  two  globules  to  coalesce 
when  they  come  into  contact,  or  to  sink  beneath  the  mercury 
surface,  is  therefore  very  slight,  and  they  are  carried  away  with 
the  pulp  and  lost.  The  tendency  to  settle  is  also  verj-  slight, 
just  as  a  pebble,  which  falls  to  the  earth  rapidly,  will,  after 
being  ground  to  dust,  float  in  the  air  indefinitely. 

The  second  cause  is  also  mechanical,  and  arises  from  the 
presence  of  certain  minerals  which  yield  very  fine  slimes 
that  adhere  to  the  mercury  surface,  though  not  wetted  by 
it.  When  covered  with  this  fine  coating,  the  globules  can 
scarcely  be  made  to  coalesce  with  each  other  or  with  the 
mercury  or  the  plates,  and  their  loss  is  almost  unavoidable, 
though  the  use  of  mercury-traps  is  of  considerable  assistance. 
An  entirely  similar  action  with  water  can  be  seen  by  sprink- 
ling drops  of  water  on  a  surface  previously  coated  with  lycopo- 
dium  powder.  Each  drop  becomes  coated  with  the  powder, 
taking  on  a  spherical  shape,  if  small,  and  moving  about  with 
the  "  quickness  "  of  mercury.  The  drops  can  scarcely  be  made 
to  coalesce,  even  if  brought  together  with  considerable  force. 
The  oxides  of  manganese  and  certain  sulph-antimonides  and 
sulph-arsenides  are  the  worst  offenders  in  this  regard  in  amal- 
gamation. It  is  reported  that,  in  certain  instances,  the  addition 
of  various  chemicals  has  been  beneficial  in  preventing  this  ac- 
tion ;  but  the  data  are  not  conclusive. 

The  third  cause  is  chemical,  and  is  a  double  source  of  loss. 
Soluble  salts  in  the  ore  react  with  the  mercury,  causing  it  to 
be  lost  in  solution,  or  precipitating  other  elements  into  it, 
causing  it  to  become  "  sick."  "  Sickness  "  is  of  two  kinds. 
Any  other  metal  alloyed  with  the  mercury  makes  it  much  more 
viscous  and  less  "  quick,"  A  practical  use  is  made  of  this  fact 
in  astronomical  and  physical  work,  where  a  mercury  surface  is 
used  as  a  reflector.  Mercury  alone  is  too  sensitive,  vibrating 
constantly ;  but  the  addition  of  a  small  amount  of  tin  causes  it 
to  stiiFen  enough  to  be  perfectly  satisfactory.  In  the  case  in 
hand  this  action  is  undesirable,  for  it  causes  the  mercury  to 
subdivide  so  readily  that  "flouring"  takes  place  to  an  inju- 
rious degree.  It  is  also  undesirable  for  two  other  reasons :  the 
fine  slimes  previously  mentioned  adhere  much  more  readily  to 
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the  surface  of  "  sick  "  mercury;  and  the  metals  iu  the  mercury 
frequently  reoxidize,  forming  a  coating  which  almost  prohibits 
the  coalescing  of  the  drops,  or  their  being  caught  on  the 
plates. 

So  far  we  have  been  concerned  with  actions  that  are  com- 
paratively rapid.  But  there  are  also  others,  of  a  slower  rate, 
which  remain  to  be  considered. 

The  first  is  the  absorption  of  the  mercury  by  the  other 
metals  taking  part  in  the  process.  It  has  already  been  pointed 
out  that  mercury  is  soluble  in  gold  up  to  about  17.5  per  cent. 
The  rapidity  of  its  absorption  depends  directly  on  the  surface 
exposed  by  the  gold,  and  account  is  taken  of  this  fact  in  the 
usual  statement  of  mill-men  that  more  mercury  is  required  to 
amalgamate  fine  gold  than  coarse.  A  large  part  of  the  mer- 
cury remaining  in  an  amalgam  after  squeezing  is  held  in  solu- 
tion in  the  gold,  the  remainder  covering  the  particles  in  a  film 
which  assists  in  cementing  the  mass  together. 

1.  Absorption  hy  the  Plates. — Important  also  is  the  absorption 
of  the  mercury  by  the  plates.  The  investigation  divides  itself 
into  two  parts :  the  relative  absorption  of  copper  plates  at  dif- 
ferent temperatures,  and  the  relative  absorption  of  difl:erent 
plates  at  ordinary  temperature.  For  the  former,  sections  of 
engravers'  plate  were  used.  They  had  each  an  area  of  4.15 
sq.  in.  and  a  thickness  of  0.067  in.,  weighing  approximately  40 
grams.  They  were  thoroughly  amalgamated  (using  cyanide 
solution  and'  sand)  and  kept  submerged  in  mercury,  the  one  at 
100°  C.  (boiling  water)  and  the  other  at  0°  C.  (melting  ice)  for 
three  weeks,  the  rate  of  absorption  being  determined  by  re- 
moving the  plates  at  intervals,  freeing  from  the  excess  of  mer- 
cury by  rubbing  and  then  weighing.  It  was  not,  of  course, 
possible  to  free  the  plates  entirely  from  adhering  mercury ;  but 
by  the  use  of  care  in  the  rubbing  it  was  found  possible  to  ob- 
tain fairly  concordant  results. 

The  curves  A  and  B  of  Fig.  6  show  that,  as  might  have 
been  expected,  the  rate  of  absorption  is  much  faster  at  the 
higher  temperatures,  and  the  total  amount  absorbed  is  greater. 
Evidently  from  the  direction  of  the  curve  the  absorption  is 
not  complete,  even  at  the  end  of  three  weeks.  In  the  case  of 
the  plate  held  at  100°  C.  another  factor  enters.  Little  gritty 
crystals  are  formed  on  the  plate  which  are  strongly  adherent, 


THE    AMALGAMATION    OF    GOLD-ORES.  75 

though  a  few  are  removed  by  the  rubbing.  The  plate,  which 
was  kept  at  0°  C,  showed  no  indication  of  this,  but  in  one  in- 
stance a  plate  held  at  20°  C.  did,  to  some  extent.  Apparently, 
then,  the  final  limit  of  the  absorption  of  mercury  by  copper 
plates  is  the  formation  of  a  solid  solution  or  inter-metallic  com- 
pound of  a  definite  crystalline  form. 

The  rate  of  absorption  and  total  solubility  depend  on  the 
temperature.  One  ett'ect  of  the  rise  in  temperature  of  plates 
that  are  in  equilibrium  can  immediately  be  seen  from  an  in- 
spection of  the  diagram.  On  raising  the  temperature,  more 
mercury  will  go  into  solution  in  the  copper  and  also  in  the  gold, 
and  if  more  mercury  is  not  fed  to  the  battery,  the  plates  will 
become  dry  and  hard.       The  absorption  is  so  slow  that  it  will 
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A.  Plain  copper,  absorption  at  100°  C.    B.  Plain  copper,  absorption  at  0°  C. 

Fig.  6. — Absokption  of  Mercury  by  Copper  Plate. 

require  several  weeks  to  complete  itself  at  the  raised  tempera- 
ture ;  and,  during  that  time,  progressively  varying  conditions 
will  have  to  be  dealt  with.  Plence  the  importance  of  keeping 
the  temperature  constant,  to  avoid  changes  in  the  hardness  of 
the  amalgam. 

To  obtain  the  relative  absorption-rates  of  plain  and  silvered 
copper  plates,  two  similar  plates  were  cut  from  electrolytic 
sheet-copper,  and  ground  down  to  plane  surfaces  and  rounded 
edges.  Each  ha(i  an  area  of  4.85  sq.  in.  and  a  thickness  of 
0.06  in.  One  was  then  silver-plated  to  a  thickness  of  0.005 
in.  Both  plates  were  then  amalgamated,  kept  submerged  in 
mercury  at  20°  C,  and  the  rate  of  absorption  determined  as 
before.      The  silver  plate  retains  a  little  more  mercury  as  an 
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adherent  coat  because  of  the  greater  specific  gravity  of  the 
silver.  The  silver  film  somewhat  restrains  the  diff'usion  of  the 
mercury  through  it  at  first,  but  the  ultimate  eftect  difi'ers  little 
in  the  two  cases. 

The  chief  difficulty  encountered  in  the  use  of  plain  copper 
plates  is  due  to  the  fact  that  the  small  amount  of  copper  which 
goes  into  solution  in  the  mercury  is  very  easily  attacked  by 
oxidizing  agents  and  the  salts  which  go  into  solution  during 
the  crushing  of  the  ore,  thus  forming  a  tarnished  film  of  cop- 
per salts  on  the  surface  of  the  mercury.  Even  the  oxygen  in 
solution  in  ordinary  water  produces  this  effect  to  an  undesir- 
able degree,  but  in  the  case  of  some  ores  containing  certain 
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A.  Plain  copper.    B.  Silvered  copper.    C.  Thin  Muntz  metal.    D.  Thick  Muntz  metal. 
Fig.  7. — Absorption  of  Mercury  by  Plates  op  Different  Metals. 

soluble  salts  the  action  frequently  is  so  strong  that  no  gold 
can  be  caught,  as  very  little  clean  mercury  surface  is  exposed. 
"What  these  salts  are  is  not  known,  except  in  a  few  cases.  The 
data  are  not  accurate  enough  to  base  generalizations  upon. 
This  difliculty  is  obviated  by  silver-plating  the  copper  plates. 
The  silver  is  soluble  in  the  mercury  to  a  very  much  less  degree 
than  is  copper,  and  is  also  much  less  affected  by  the  salts  in 
question,  probably  not  being  at  all  acted  on  by  the  oxygen. 
The  efifect  of  the  silver-plating  on  the  absorption  of  the  mer- 
cury by  the  copper  is  to  restrain  it  at  first,  since  the  mercury 
has  to  diffuse  through  the  silver.  Eventually,  however,  the 
total  amount  absorbed  is  approximately  the  same,  as  is  shown 
by  the  two  curves,  A  and  B,  of  Fig.  7. 

The  effect  of  the  physical  condition  of  the  plates  is  also   of 
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great  importance.  It  will  have  been  noticed  by  comparing 
Figs.  6  and  7  that  the  rolled  engraver's  plate  at  100°  C.  ab- 
sorbed more  slowly  than  the  electrolytic  sheet-copper  at  20°  C. 
This  must  have  been  due  to  the  difterence  in  their  structure, 
since  the  test  was  carefully  repeated  in  each  case. 

2.  Use  of  3Iwitz  31etal  Plates. — Muutz  metal  for  battery- 
plates  has  been  employed  in  Australia,  and  its  use  has  been 
warmly  commended,^^  but  apparently  has  not  spread  much  in 
this  country  or  elsewhere.  The  advantages  claimed  for  it  are 
that  it  is  cheaper,  lasts  longer,  requires  less  attention,  is  easier 
to  remove  the  amalgam  from,  and  does  not  discolor.  The 
solubility  of  mercury  in  Muntz  metals  was  investigated,  and 
plates  for  this  purpose  w^ere  kindly  prepared  by  Mr.  Frederick 
Maeulen  (to  whom  my  grateful  acknowledgements  are  made). 
The  metal  had  the  composition  :  zinc  38.1  and  copper  61.9 
per  cent.  Plate  C  had  an  area  of  5.11  sq.  in.  with  a  thickness 
of  0.0256  in.;  while  plate  D  had  an  area  of  4.92  sq.  in.  and  a 
thickness  of  0.014  in.  The  plates  were  annealed  and  kept 
submerged  in  an  excess  of  mercury.  The  negative  reading  at 
the  end  of  the  24  h.  is  probably  due  to  the  mercury  dissolving 
out  zinc  faster  than  it  was  itself  absorbed.  The  solubility  of 
mercury  in  Muntz  metal  is  seen  to  be  very  low.  The  diver- 
gence of  the  curves  emphasises  the  fact  that  the  rate  of  absorp- 
tion is  proportional  to  the  surface  exposed,  plate  C  having  a 
much  larger  surface  in  proportion  to  its  weight.  The  per- 
centages are  of  weight,  referred  to  the  original  weight  of  the 
plate.  The  curves  also  indicate  that  the  absorption  is  very  slow, 
and  is  not  completed  within  the  time  during  which  observations 
were  taken. 

Hockin  and  Taylor  have  shown^^  that  mercury  dissolves  the 
zinc  out  of  brass.  No  copper  could  be  detected  in  solution  in 
the  mercury  at  the  end  of  the  period.  From  these  facts  the 
reasons  for  the  excellence  of  Muntz  metal  for  plates  become 
reasonably  clear.  Since  no  copper  goes  into  solution  in  the 
mercury,  no  trouble  is  experienced  from  oxidizing  agencies, 
and  the  necessity  for  silver-plating  is  removed  in  most  cases. 
However,  in  working  waste  heaps^^  (which  probably  contained 

=**  Eickard,  Stamp-Milling  of  Gold  Ores,  pp.  179-182  (1901). 

^^  Journal  of  the  Society  of  Telegraph  Engineers,  vol.  viii.,  p.  282  (1879). 

3«  Rickard,  Stamp- Milling  of  Gold  Ores,  p.  182  (1901). 
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copper  sulphate)  the  Muntz  metal  plates  coated  badly;  the 
small  amount  of  zinc  in  the  mercury  producing  even  more  un- 
desirable results  than  would  copper  in  such  cases. 

The  Muntz  metal  consists  almost  entirely  of  an  inter-metal- 
lic compound  of  copper  and  zinc.  Mercury  is  very  slightly 
soluble  in  this  compound  (perhaps  not  at  all,  for  the  slow  gain 
in  weight  may  be  due  to  the  slow  replacement  of  one  metal  of 
the  compound  by  the  mercury).  Gold  is  presumably  also  very 
slightly  soluble  in  it;  and  this  explains  the  slight  adherence  of 
the  amalgam  to  these  plates,  for,  beyond  question,  the  strong 
adherence  of  amalgam  to  copper  or  silver  plates  is  due  to  the 
slow  diffusion  of  the  gold  into  the  metal.  Roberts- Austen^"  has 
shown  that  gold  diffuses  into  lead  when  brought  into  contact 
with  it;  and  it  is  well  known  that  alloys  can  be  produced  by 
pressing  together  finely  divided  metals  that  are  capable  of 
forming  an  alloy.  This  slight  adherence  is  both  an  advantage 
and  a  defect;  for  it  allows  a  closer  cleaning  up  of  the  amalgam, 
and  also  makes  it  more  frequently  necessary.  The  thickness 
of  the  mercury  film  on  the  plates  must  also  be  important.  The 
thickness  of  the  film  which  a  plate  of  a  given  inclination  will 
hold  depends  on  the  specific  gravity  of  the  holding-surface. 
Hence,  silvered  plates  will  hold  a  thicker  film,  and  Muntz 
metal  a  thinner.  Plates  well  coated  with  gold  amalgam  hold 
the  thickest  film  possible.  Hence,  excessive  scraping  of  plates 
is  to  be  avoided,  since  the  gain  in  daily  yield  of  amalgam  is 
more  than  counterbalanced  b}^  the  loss  of  "  catching  "  power. 

Since  the  Muntz  metal  is  an  inter-metallic  compound  of  zinc 
and  copper,  there  could  be  no  possibility  of  any  galvanic  ac- 
tion between  the  zinc  and  copper  to  afiect  the  process.  Muntz 
metal  plates  present  many  desirable  features,  but  apparently  the 
demand  has  not  been  great  enough  to  lead  to  their  manufacture. 

V.  Investigation  of  Direct  Changes  Due  to  Temperature. 

Whether  variations  of  the  temperature  at  which  the  process 
is  conducted  has  any  direct  specific  effect  on  amalgamation,  has 
been  the  subject  of  much  discussion.  It  will  be  impossible  to 
refer  here  to  all  the  statements  made  regarding  this,  but  a  few 
of  the  more  significant  must  be  mentioned.    T.  J.  Grier^'^  states 

^'  Royal  Society  Proceedings,  vol.  Ixvii. ,  p.  101  (1900). 
^^  Engineering  and  Mining  Journal,  Ixv.,  p.  126  (1888). 
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that  when  two  batteries  were  run  side  bj  side  on  the  same  ore, 
the  one  at  50°  F.  and  the  other  at  from  60°  to  70°  F.,  consid- 
erably more  gold  was  caught  by  the  battery  at  the  lower  tem- 
perature. J.  A.  Church^^  cites  a  case  where  water  from  old 
mine-workings  was  used  that  had  a  temperature  of  135°  F.  at 
the  battery ;  the  plates  coated  badly  and  the  recovery  was  very 
poor.  T.  A.  Rickard^"  says  that  at  Black  Hawk,  Colo.,  the  re- 
covery is  better  in  winter  than  in  summer,  and  objects  to  the 
practice  at  the  Britannia  United,  Ballarat,  of  warming  the  bat- 
tery-water. Louis  Janin*^  says  that  no  advantage  is  gained  by 
heating  the  battery-water.  At  the  Golden  Star  mill,  Supt. 
Eead*2  changed  a  battery  from  56°  F.  to  70°  F.  In  24  hr.  the 
amalgam  had  nearly  all  scoured  off.  This  was  a  silver  plate ; 
the  copper  was  not  afiected.  It  is  not  stated  whether  all  other 
conditions  were  kept  constant,  and  it  is  hardly  safe  to  comment 
on  such  an  experiment  unless  all  the  conditions  are  known. 
J.  A.  Sanborn''^  says  that  the  objection  to  an  increase  in  tem- 
perature is  that  the  plates  were  prepared  for  a  lower  tempera- 
ture, but  that  the  adjustment  may  be  made  for  any  reasonable 
temperature.  He  also  says  that  the  chief  objection  to  hot  bat- 
tery-water is  the  resultant  increased  solubility  of  deleterious 
salts.  J.  H.  Thierman^*  suggests  that  the  heated  water  causes 
any  grease  which  may  be  present  to  form  more  readily  a  film 
over  the  gold  and  mercury.  A.  von  Dessauer*^  found  that  the 
plate-amalgam  contained  from  20  to  35  per  cent,  of  gold  in  the 
summer  time,  but  only  from  7  to  10  per  cent,  in  winter.  Be- 
sides these  factors,  R.  H.  Richards*''  mentions  two  others,  the  at- 
traction of  mercury  for  gold  and  the  cohesive  power  of  the  mer- 
cury. It  should  be  noticed,  however,  that  the  only  attraction 
mercury  has  for  gold  is  the  surface-tension  pull,  previously  men- 
tioned ;  and  that  the  facilitation  of  the  coalescence  of  globules 
of  mercury  by  a  rise  of  temperature  is  not  due  to  an  increase 
of  cohesive  power,  but  to  a  decrease  of  their  surface-tension. 

^'  Engineering  and  Mining  Journal,  Ixv.,  p.  158  (1888). 
*»  Stamp-Milling  of  Gold  Ores,  pp.  125-6  (1901). 
"  Mineral  Industry,  iii.,  pp.  328  and  343  (1895). 
^'•^  Engineering  and  Mining  Journal,  Ixv.,  p.  126  (1888). 
*'  Engineering  and  Mining  Journal,  Ixv.,  p.  897  (1888). 
**  Engineering  and  Mining  Journal,  Ixv.,  p.  247  (1888). 
*^  Engineering  and  Mining  Journal,  Ixv.,  p.  760  (18S8). 
^«  Ore-Dressing,  vol.  ii.,  p.  766  (1903). 
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The  points  in  regard  to  the  eflect  of  temperature  on  the  solu- 
bility of  deleterious  salts  and  resultant  chemical  reactions, 
their  influence  on  "flouring,"  and  the  influence  of  rise  of  tem- 
perature on  the  surface-tension  and  viscosity  of  the  mercury, 
have  already  been  treated  as  fully  as  seems  necessary. 

To  determine  whether  other  physical  constants  are  appreciably 
affected  by  temperature-changes,  two  lines  ofinvestigation  were 
followed.  The  purpose  of  the  first  was  to  learn  whether  the 
plasticity  of  the  mixture  of  liquid  and  solid,  ordinarily  known 
as  "  amalgam,"  varied  to  any  sensible  degree  with  ordinary 
ranges  of  temperature-change. 

For  this  purpose  an  apparatus  was  designed  and  constructed, 
in  which  a  pasty  mass  of  amalgam  was  held  in  a  cup  that  was 
rotated  by  a  small  electric  motor.  The  cup  was  provided  with 
sharp  points  on  the  inside,  so  that  the  amalgam  was  obliged  to 
rotate  with  it.  Submerged  in  the  mass  of  amalgam  was  a  stir- 
rer, turning  in  a  ball-bearing.  The  torsional  pull  on  the  stirrer, 
when  the  mass  was  rotated,  was  measured  by  a  delicate  helical 
spring.  The  whole  apparatus  was  placed  in  a  constant-tempera- 
ture chamber,  and  numerous  observations  made  over  the  range 
from  18°  to  100°  C.  (60°  to  212°  F.).  Both  silver-  and  gold- 
amalgams  of  the  consistency  of  thick  cream  were  used ;  it  was 
necessary  to  employ  very  finely  divided  metal  in  preparing 
the  amalgam,  in  order  to  make  it  homogeneous.  It  was  found 
that,  as  result  of  the  increase  of  temperature,  two  conflicting 
changes  tended  to  take  place : — the  amalgam  tended  to  become 
harder  from  the  increased  absorption  of  the  mercury  by  the 
gold,  and  softer  from  the  decreased  viscosity  of  the  liquid  mer- 
cury cementing  the  solid  particles.  The  total  change  was  very 
slight,  and  of  the  same  order  as  the  errors  of  observation  due 
to  the  settling  of  the  solid  particles  and  the  slight  imperfec- 
tions of  the  apparatus.  A  more  detailed  statement  of  the  re'- 
sults,  and  a  sketch  of  the  apparatus,  are  therefore  omitted. 
The  investigation  showed  that  the  changes  in  plasticity  induced 
by  ordinary  variations  in  temperature  are  negligible. 

The  purpose  of  the  second  investigation  was  to  learn  whether 
the  adhesion  of  gold  to  mercury  is  sensibly  affected  by  changes 
of  temperature.  To  this  end  the  inclination  at  which  spheres 
of  gold,  silver  and  platinum,  one-half  an  inch  in  diameter,  will 
roll  down  an  amalgamated  copper-plate  was  observed.     Two 
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sets  of  angles  were  measured  :  that  at  which  the  spheres  would 
start  to  roll  from  a  state  of  rest  (column  A,  Table  L),  and  the 
angle  at  which  they  would  continue  to  roll  after  being  started 
by  a  touch  from  a  camel's  hair  brush  (column  B,  Table  I.). 
The  inclination  was  measured  for  the  dry  plate  at  ordinary  tem- 
perature (20°  C),  the  amalgamated  plate  at  the  same  tempera- 
ture, and  the  amalgamated  plate  at  100°  C.  The  gold  and  pla- 
tinum spheres  were  perfect  to  within  0.001  in.;  the  silver 
sphere  was  not  so  perfect,  and  gave  more  irregular  results. 
The  angles  recorded  in  Table  I.  are  the  average  of  several  ob- 
servations. The  plate  was  somewhat  roughened  by  the  action 
of  the  mercury  at  the  higher  temperature ;  this  is  especially 
noticeable  in  the  angles  at  which  the  balls  would  start  them- 
selves. The  gold  and  silver  balls  were  previously  amalgamated 
for  the  determinations  with  the  amalgamated  plate,  but  the  pla- 
tinum ball,  of  course,  was  not.  It  is  seen  at  once  from  an  in- 
spection of  the  results  that  the  effect  of  variations  of  tem- 
perature on  the  adhesion  of  gold  to  mercury  is  also  negligible. 

Table  I. — Results  of  Adhesion- Tests  of  Gold,  Silver  and 
Platinum  Balls. 


Platinum. 

Gold. 

Silver. 

A. 

B. 

A.                B. 

1 

A. 

B. 

Dry  plates,  20° 

Wet  plates,  20° 

Wet  plates,  100° 

1°  28' 
1°  45' 
1°  43' 

0°  28' 
0°  28' 
0°54' 

1°  09'  :   0°  32' 
1°48'  '    1°  15' 
2°  03'  ,    1°  30' 

2°  17' 
3°  07' 

0°48' 
1°57' 
1°  30' 

These  facts  are  so  completely  in  accord  with  the  data  ob- 
tained by  the  metallurgical  and  chemical  investigations,  that 
there  seems  no  escape  from  the  conclusion  that  amalgamation 
of  gold-ores  is  mainly,  and  above  all,  a  simple  mechanical  pro- 
cess. Such  chemical  forces  as  enter  into  it  are  only  slight,  and 
are  mainly  detrimental,  as  previously  outlined.  The  chief 
physical  factor  is  the  surface-tension  of  the  mercury,  which 
causes  the  mercury  to  cling  in  an  adherent  film  to  the  plates 
employed,  to  wet  the  gold  grains,  and  to  draw  them  beneath  its 
surface.  It  also  acts  detrimentally,  tending  to  prevent  the  glob- 
ules of  mercury  from  coalescing  again  when  they  are  very  finely 
divided.    The  solution  of  the  gold  and  silver  by  the  mercury  is 
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very  slight  indeed ;  that  of  the  copper  is  more  noteworthy,  and 
gives  opportunity  for  undesirable  chemical  actions.  The  ab- 
sorption of  the  mercury  by  gold,  silver  and  copper  is  large  in 
amount.  With  gold,  what  is  probably  an  inter-metallic  com- 
pound is  formed  with  excess  of  mercury  at  100°  (whether  it 
can  form  at  ordinary  temperatures  is  not  certainly  known) ;  but 
this  is  of  no  great  importance  in  the  ordinary  application  of 
the  process.  Some  sort  of  molecular  flow  causes  the  grains  of 
the  amalgam  to  adhere  strongly  together  on  standing,  and  the 
slow  diffusion  of  the  gold  into  the  plate  causes  the  amalgam  to 
adhere  strongly  to  copper  and  silvered  plates.  According  to 
Richards,^^  this  diflPusion  does  not  extend  to  any  great  depth  in 
the  ordinary  life  of  a  plate. 

The  effect  of  changes  in  temperature  on  amalgamation  is 
seen  to  be  two-fold.  The  solubility  of  deleterious  salts  in  the 
ore  is,  of  course,  increased  by  rise  of  temperature,  their  action 
is  accelerated,  and  the  solubility  of  copper  in  the  mercury  is 
increased,  thus  giving  greater  opportunity  for  these  harmful 
reactions.  But  the  most  important  effect  is  the  disturbance  of 
plate-equilibrium,  resulting  from  changes  of  temperature.  The 
thickness  of  the  film  of  mercury  which  the  plate  will  hold, 
and  the  absorption  of  mercury  by  the  other  metals  concerned, 
are  changed,  and  the  mill-man  then  has  to  deal  with  varying 
conditions,  a  state  of  affairs  to  be  avoided,  if  possible.  From 
the  physical  standpoint,  the  temperature  employed  does  not 
matter,  so  long  as  it  is  constant.  From  the  chemical  stand- 
point, a  low  temperature  is  better  in  most  cases.  But  it  should 
be  mentioned,  in  passing,  that  both  the  viscosity  and  surface- 
tension  of  mercury  are  lessened  by  rise  of  temperature,  the  dif- 
ferences for  ordinary  ranges  of  temperature  being  slight. 
Under  certain  circumstances,  where  chemical  action  is  negligi- 
ble, it  seems  that  it  might  be  advisable  to  conduct  the  process 
at  elevated  temperatures,  since  the  wetting  of  the  grains  by 
mercury  is  slightly  facilitated  by  rise  of  temperature.  The 
viscosity  of  mercury  at  0°  C.  is  0.0169  dynes,  and  at  99°, 
0.0123  dynes,  per  sq.  centimeter. ^^ 

In  the  operation  of  the  stamp-milling  process  the  character 
and  gold-content  of  the  ore  necessarily  vary.     If,  in  addition, 

*'  Ore-Dressing,  vol.  ii.,  p.  765  (1903). 

*^  Koch,  Poggendorf  s  Anruden,  vol.  xiv.,  p.  1  (1881). 
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the  temperature,  and  with  it  all  the  foregoing  factors,  are  al- 
lowed to  vary,  it  becomes  impossible  to  exert  a  proper  control 
over  the  operation. 

VI.  Summary. 

1.  Gold  absorbs  mercury,  forming  a  solid  solution  which 
may  contain  as  much  as  13  atomic  per  cent,  of  mercury.  Be- 
3'ond  this,  an  inter-metallic  compound  containing  gold  or  mer- 
cury in  solution  (or  a  second  solid  solution)  is  formed,  which 
contains  17.5  atomic  per  cent,  of  mercury.  Ordinary  amal- 
gam, which  is  not  in  a  state  of  equilibrium,  consists  of  one  or 
both  of  the  foregoing,  usually  the  former,  mixed  with  an  ex- 
cess of  mercury  which  coats  the  particles  and  causes  them  to 
cohere. 

2.  Amalgamation  is  a  physical  process,  the  chemical  ac- 
tions involved  being  chiefly  inimical  (excepting  those  pur- 
posely induced).  The  gold  grains  are  wetted  by  the  mer- 
cury and  sink  beneath  the  surface  of  the  mercury  film  on 
the  plates ;  this  is  facilitated  by  feeding  mercury  to  the 
stamp,  so  that  the  grains  may  be  thoroughly  wetted  before 
eomiug  in  contact  with  the  plates.  The  disadvantages  of  this 
procedure  have  already  been  discussed.  The  surface-tension 
of  the  mercury  draws  the  gold  beneath  the  surface,  and  holds 
it  against  the  plate.  By  difiusion  into  the  metal  of  the  plates 
the  amalgam  often  becomes  strongly  adherent.  Silver-plating 
is  useful,  because  it  prevents  the  solution  of  the  copper  in  the 
mercury,  and,  therefore,  the  harmful  chemical  reactions  that 
result  therefrom.  Muntz  metal  plates  exhibit  the  same  efi:ect, 
and,  in  addition,  diffusion  of  amalgam  into  them  is  very  slight, 
so  that  it  is  readily  removed.  Silvered  plates  will  hold  a 
thicker  film  of  mercury  than  plain  copper,  and  plates  coated 
with  gold  amalgam  a  thicker  film  than  either.  This  assists  the 
"  catching  "  of  the  gold. 

3.  Variations  in  temperature  make  themselves  felt  in  slight 
changes  of  a  number  of  factors  rather  than  large  changes  in 
any  one.  According  to  the  relative  importance  of  these  fac- 
tors in  each  case  the  total  effect  may  vary.  The  most  impor- 
tant undesirable  eflfects  of  raising  the  temperature  are  the  in- 
creased solubility  of  harmful  salts,  and  a  corresponding  increase 
of  the  precipitation  of  base  metals  into  the  mercury ;  this  both 
hinders  its  proper  action  and  leads  to  its  loss.    Rise  of  tempera- 
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tiire  also  diminishes  the  surface-tension  and  viscosity  of  the  mer- 
cury, which  allows  it  to  be  more  readily  "  floured."  The  force 
with  which  the  gold  is  drawn  beneath  the  mercury  and  held 
against  the  plate  is  also  decreased.  On  the  other  hand,  by  an 
increase  in  temperature  the  wetting  of  the  gold  by  the  mercury 
and  the  "  catching"  of  it  by  the  plates  is  facilitated,  as  is  the 
coalescing  of  the  globules  of  mercury. 

4.  Increase  of  temperature  causes  increased  absorption  of 
mercury  by  the  gold  and  by  the  plates.  Changes  in  tempera- 
ture cause  changes  in  all  the  foregoing  factors.  The  retaining 
of  a  constant  temperature  is  therefore  most  favorable  to  suc- 
cessful working.  A  comparatively  low  temperature  is  better 
where  the  influence  of  soluble  salts  in  the  ore  has  to  be  con- 
sidered (which  is  usually  the  case) ;  but  when  this  may  be  ne- 
glected, as  high  a  temperature  as  can  economically  be  main- 
tained, without  variation,  is  most  favorable  to  successful  amal- 
gamation. 

In  conclusion,  I  desire  to  express  my  indebtedness  to  Prof. 
H.  S.  Munroe,  who  directed  the  investigation ;  and  also  to  Dr. 
Wm.  Campbell,  who  kindly  took  the  micro-photographs,  and 
aided  in  the  metallurgical  inquiry. 
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The  Relative  Merits  of  Large  and  Small  Drilling-Machines 
in  Development  "Work. 

BY  FREDERICK    T.    WILLIAMS,    VICTOR,    COLO. 

(Bethlehem  Meeting,  February,  190G.) 

The  purpose  of  this  paper  is  to  discuss  the  relative  merits 
of  the  large  3|-in.  machine  and  the  small  2i-in.  tappet  ma- 
chine in  driving  development-headings ;  and  although  the 
data  here  presented  were  obtained  from  cross-cut  headings 
alone,  experience  has  shown  that  the  results  are  equally  true  in 
drifting,  raising  and  winzing. 

Recently  we  drove  two  parallel  cross-cuts  through  the  same 
formation,  using  a  3|-in.  machine  at  the  breast  of  one  cross- 
cut, and  a  2J-in.  machine  of  the  same  make  at  the  breast  of 
the  other.  The  results  of  this  work  afforded  an  ideal  compari- 
son, since  in  both  cases  the  headings  were  advanced  through 
rock  practically  of  the  same  hardness  and  breaking-properties, 
the  amount  of  sludging  was  equal,  and  there  was  no  difference 
in  the  condition  of  the  steel  or  the  machines,  the  air-pressure 
or  the  experience  of  the  operating  crews. 

Some  operators  in  the  Cripple  Creek  district  contend  that 
there  is  ground  which  cannot  be  handled  with  the  small  ma- 
chine, the  holes  being  too  small  to  contain  enough  powder  to 
"pull"  the  ground,  etc.  The  results  obtained  in  working  the 
property  of  the  Portland  Gold  Mining  Co.,  however,  show  that 
the  ground  worked  by  them  does  not  fall  in  this  class.  During 
a  period  of  two  years  there  have  been  driven,  with  the  small 
machine,  4  miles  and  308  ft.  of  development-headings,  through 
a  diversity  of  ground,  including  Pike's  Peak  granite  (a  coarsely 
porphyritic  type  of  granite),  highly  indurated  andesitic  or  pho- 
nolytic  breccia,  true  massive  andesite,  trachytic  phonolyte,  tuffs, 
and  along  dikes  of  decomposed  basalt  and  hard  phonolyte.  In 
every  instance  a  satisfactory  record  was  made. 

The  headings  here  described  were  driven  through  highly  in- 
durated andesitic  breccia,  having  a  hardness  of  from  5.2  to  7.2 
and  a  sp.  gr.  of  from  2.2  to  2.8.  The  action  of  the  breccia 
under  the  drill  was  not  materially  different  from  that  of  ordi- 
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nary  red  granite.  The  breccia  was  not  as  free-drilling  as  gran- 
ite, and  sludge  accumulated  very  rapidly  after  a  shallow  depth 
of  hole  had  been  gained,  but  it  broke  better  than  granite. 

Aside  from  the  usual  work  of  setting-up,  drilling,  and  load- 
ing, the  machine-men  or  helpers  mucked  back,  cleaning  the 
floor  3  or  4  ft.  back  from  the  breast  of  muck  in  order  to  posi- 
tion the  column  properly.  If  the  "  lifters  "  acted  properly  at 
the  previous  firing,  the  muck  was  fairly-well  thrown  back  from 
the  breast ;  but  if  either  missed  fire  or  were  exploded  before 
the  other  holes,  considerable  muck  was  left  at  the  breast  which 
required  much  additional  labor.  The  usual  time  needed  to 
muck  back  was  1.25  hr.,  but  this  varied  considerably.  Flat 
steel  48  by  96  by  f-in.  sheets  were  used,  from  which  to  shovel 
the  material.  These  sheets  were  placed  in  position  3  or  4  ft. 
back  from  the  breast  by  the  trammer,  just  before  going  oflT 
shift.  The  ground  broke  fine  enough  to  require  little  or  no 
sledging.  A  cubic  foot  of  breccia  in  place  will  average  154  lb. 
in  weight  as  compared  with  90  lb.  on  the  muck-pile,  giving  an 
average  of  42  per  cent,  of  void  space.  All  the  waste  was 
trammed  to  the  shaft,  800  ft.  distant,  and  hoisted  to  the  surface. 
No  timber  was  used  in  either  heading. 

The  following  interesting  summary  of  the  results  obtained 
by  using  both  large  and  small  machines  has  been  prepared 
from  the  data  given  in  Tables  I.  and  II.  Labor  is  the  largest 
individual  item.  The  wages  of  machine-men  were  |4  per  shift, 
and  the  addition  of  the  items  given  under  the  several  heads 
of  Table  I.  shows  the  total  cost  of  labor  performed  in  each 
heading.  The  cost  of  operating  the  machines  per  shift  was 
$3.70  for  the  large  machine  and  |1.85  for  the  small  machine. 
These  figures,  which  vary  from  month  to  month,  include  the 
cost  of  everything  connected  with  the  operation  of  the  ma- 
chines :  engineer's  wages,  blacksmith-expense,  new  steel  re- 
pairs to  the  machines,  cost  and  repair  of  air-lines,  etc.  The 
cost  of  labor,  per  foot  driven,  by  the  large  machine  was  |3.45, 
and  by  the  small  machine  $2.56. 

The  cost  of  explosives,  a  detailed  report  of  which  is  given 
in  Table  II.,  shows  that  the  40-per  cent,  dynamite  costs  $0,127 
per  lb.;  the  fuse,  $0.0035  per  ft.;  and  the  caps,  $0,007  each. 
These  figures,  which  include  freight,  unloading,  wages  of  the 
powder-man,  and  one-third  of  the  wages  of  the  store-keeper, 
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represent  the  entire  cost  of  the  material,  as  laid  down  at  the 
station  for  the  machine-men.  All  fuse  burned  was  in  7-ft. 
lengths.  The  number  of  feet  of  fuse  burned  and  the  number 
of  caps  used,  per  foot,  are  practically  the  same;  but  the  cost  of 
dynamite  is  $0.78  less  per  foot  in  the  heading  driven  by  the 
small  machine  than  in  that  of  the  large  machine. 

Table  II. — Explosives — Detailed  Report  of  the  Portland  Gold 
Mining  Co.  for  20  days  Ending  Oct.  16,  1903. 


Lb.  of 
Powder. 

Lb.  of 
Powder 
per  Foot 
Driven. 

Feet  of 
Fuse. 

Feet  of 
Fuse  per 

Foot 
Driven. 

Number 
of  Caps. 

Number 
of  Caps 
per  Foot 
Driven. 

Large  machine  (3^^^). 
Cross-cut  (5.5'  x  7.5^. 
5  day  run  

491 
669 
544 

17.23 
14.39 
15.32 

872 

1,179 

804 

30.59 
25.35 
22.65 

116 
158 
134 

4.07 

8  day  run 

7  day  run 

3.39 

3.77 

Averages  and  totals. 

1,704 

15.40 

2,855 

25.80 

408 

3.69 

Small  machine  {2Y'). 
Cross-cut  (3.5''  x  7''). 

5  day  run 

8  day  run 

7  day  run 

Averages  and  totals. 


264 

11.00 

672 

28.00 

96 

378 

9.45 

1,129 

28.22 

151 

262 

7.82 

742 

2:. 15 

120 

904 

9.27 

2,543 

26.08 

367 

4.00 
3.77 
3.58 


3.76 


The  best  record  for  a  shift's  run  made  by  the  large  machine, 
was  4.08  ft.,  as  compared  with  2.96  ft.  for  the  small  machine. 
In  drilling  these  rounds  it  was  found  that  the  large  machine 
had  made  3109.56  cu.  in.  of  hole,  and_  the  small  machine 
971.10  cu.  in.  Comparing  these  figures  with  the  cubic  feet  of 
ground  pulled,  1  cu.  in.  of  hole  drilled  by  the  large  machine 
broke  0.053  cu.  ft.  of  breast,  while  the  small  machine  gave 
0.097  cu.  ft.  This  comparison  shows  that  too  much  work  was 
done  by  the  big  machine  on  the  breast  for  the  amount  of 
ground  broken. 

Figs.  1  and  2  show  the  number  of  holes  drilled,  the  degrees 
of  pitch  from  the  horizontal,  the  depth  drilled  by  the  starters, 
seconds  and  thirds,  and  the  order  of  firing.  The  cost  of  coal 
before  the  boilers  was  $4.40  per  ton.  Ordinary  cross  or  square 
bits  were  used,  and  all  the  steel  was  sharpened  by  machine.  At 
each  sharpening  the  steel  lost  from  \  to  f  in.  in  length.  The 
general  tramming-cost  includes  repairs  to  tram-cars,  tram- 
tracks  and  the  trreasinor  of  the  cars. 
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'front  elevation  side  elevation 

Fig.  L — Holes  Drilled  in  Breast  by  Small  (2^-in.)  Machine. 


FRO'NT  ELEVATION  SIDE  ELEVATION 

Fig.  2. — Holes  Drilled  in  Breast  by  Large  (3J-in.  )  Machine. 

The  cost  of  pipe  and  track  is  figured   at  $0.41  per  ft.,  the 
2-in.   pipe  costing,  with  connections,  $0.10  per  ft.,  the  track. 
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together  with  the  spikes,  plates  and  ties,  costing  $0.31  per  ft. 
Lumber  cost  $20  per  thousand  feet. 

Hoisting  cost  $0,243  per  ton,  which  includes  all  accounts 
that  can  be  charged  to  the  maintenance  of  the  hoisting-en- 
gines ; — such  as  wages  of  the  engineers,  wipers,  top-men  and 
cagers,  repairs,  cost  of  steam,  cables  and  repairs  to  shaft.  The 
hoist  used  is  a  500-h.p.  Webster,  Camp  &  Lane,  first-motion 
hoist,  size  20  by  48  in.,  having  a  capacity  for  a  maximum  depth 
of  2,500  ft.,  using  5  by  f  in.  rope  to  hoist  an  unbalanced  load 
of  8,000  lb.  at  an  average  speed  of  1,500  ft.  per  min. 

To  supplies  is  charged  the  cost  of  picks  and  shovels.  To 
general  expense  is  charged  the  wages  of  foremen  and  shift 
bosses,  assaying  and  surveying,  pumping,  lighting,  including 
candles,  office  expense  and  general  repairs  on  the  surface. 

The  air  was  furnished  by  a  50-drill,  cross-compound,  Inger- 
soll -Sargent  compressor,  having  steam-cylinders  24  by  44  by 
48  in.,  and  air-cylinders  22J  by  38J  by  48  in.  The  air-pressure 
at  the  receiver  was  100  lb.,  and  at  the  drills  85  lb.  per  sq.  in. 

The  bore  of  the  large  machine  cross-cut  is  5.5  by  7.5  ft.,  that 
of  the  small  machine  is  4.5  by  7  ft.  It  is  held  that  the  increase 
of  1  ft.  in  width  and  0.5  ft.  in  height  of  the  large  machine 
cross-cut  over  that  of  the  small  machine  cross-cut  does  not 
facilitate  mining-operations  in  any  way. 

The  merits  of  the  work  done  by  the  two  machines  may  be 
briefly  stated  thus : — The  use  of  the  small  machine  saves  25 
per  cent,  of  the  cost  of  labor  necessary  to  operate  a  large  ma- 
chine foot  for  foot.  The  cost  of  operating  a  small  machine  is 
50  per  cent,  less  than  that  of  operating  a  large  machine,  shift 
for  shift.  The  general  tramming-cost  of  the  large  machine 
cross-cut  is  lessened  20  per  cent,  by  using  a  small  machine. 
The  cost  of  explosives  per  foot  driven  by  the  large  machine  can 
be  reduced  37.7  per  cent,  by  the  use  of  the  small  machine.  The 
cost  of  hoisting  and  general  expense  of  the  large  machine  cross- 
cut is  lessened  nearly  20  per  cent,  by  using  the  small  machine. 

Greater  speed,  regardless  of  cost,  can  be  obtained  with  the 
large  machine,  the  small  machine  being  from  10  to  20  per  cent, 
slower.  The  cost  of  the  large  machine  cross-cut  was  reduced 
27  per  cent,  by  using  the  small  machine. 

In  conclusion,  I  wish  to  acknowledge  my  indebtedness  to  Mr. 
Frank  L.  Smale,  Superintendent  of  the  Portland  property,  for 
assistance  received  in  gathering  the  data  here  presented. 
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Cost-Accounts  of  Gold-Mining  Operations. 

BY   THOMAS   H.    SHELDON,    VICTOR,  COLO. 

(Bethlehem  Meeting,  February,  1906.) 

In  the  zeal  for  opening  up  new  ore-bodies,  or  for  extracting 
the  ore  from  attractive  bodies  already  opened  up,  we  very  often 
lose  sight  of  the  fact,  that,  after  all,  the  operation  of  a  mine  is 
a  business  proposition,  pure  and  simple,  and,  for  the  best  work- 
ing-results, should  be  treated  upon  a  strict  business  basis.  Of 
course,  in  every  mine  of  consequence,  a  record  is  kept  of  ex- 
penditures and  receipts,  and  such  glittering  generalities  as 
"  gross  receipts,"  "  net  receipts,"  "  mining  expenses,"  and  "  per 
cent,  profit,"  can  be  told  to  the  cent ;  but  does  this  record 
show  economy  of  management,  as  compared  either  with  the 
same  record  of  other  months,  or  with  the  record  of  other 
mines  of  the  same  class  ?  Moreover,  if  such  a  record  shows 
that  the  cost  of  mining  is  high,  does  it  in  any  way  enable 
the  manager  to  put  his  finger  on  the  leakage  ?  Does  it 
necessarily  follow  that  a  mine  which  makes  a  profit  of,  say,  40 
per  cent,  on  25-dollar  ore,  is  doing  less  economical  mining 
than  one  which  saves  60  per  cent,  on  80-dollar  ore  ?  Of  course 
the  figures  in  the  latter  case  look  the  more  attractive ;  yet  when 
it  comes  to  the  point  of  saving  everything  which  can  be  saved, 
and  of  cutting  down  expenses  to  the  lowest  possible  cost  of 
operation,  the  former  mine  is  doubtless  on  the  firmer  and  more 
economical  financial  basis.  But  as  to  the  relative  merits  of  the 
system  of  mining  in  the  two  cases,  nothing  could  be  decided 
without  a  basis  of  detailed  comparison  ;  if  one  system  is  more 
economical  than  the  other,  why  is  it  so,  and  wherein  does  the 
advantage  lie  ? 

This  can  be  shown  only  by  keeping  accurately  the  cost  of 
each  mining  operation.  And  no  matter  how  dissimilar  two 
mines  may  be  in  character  and  operation,  yet  there  are  a  few 
general  heads  common  to  all  mining  operations.  In  the  first 
place,  it  is  necessary  to  break  the  ore  from  the  solid  ground; 
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then  it  must  be  transported  from  the  place  where  it  is  broken 
to  the  place  of  concentration  (if  any) — and  this  transportation 
generally  includes  two  operations,  underground  tramming  and 
hoisting ;  and,  lastly,  there  is  the  cost  of  extracting  the  precious 
metal  from  the  ore  (and,  generally,  of  transportation  from  the 
place  of  concentration  to  the  place  of  extraction).  In  additiop, 
there  are  accessory  costs,  such  as  timbering  and  pumping;  and 
general  costs,  such  as  supervision,  sampling  and  surveying;  and 
such  expenses  as  cannot  be  included  in  any  one  of  the  general 
heads  above,  yet  are  part  of  the  cost  of  operation  and  should 
be  apportioned  among  those  heads.  Then,  too,  there  are  the 
costs  for  exploration,  and  for  equipment. 

All  expenses  must  be  shown,  not  by  themselves,  but  in  re- 
gard to  their  direct  effect  upon  the  ore  mined,  and  all  can  be 
shown  in  one  way  or  another  to  be  tributary  to  one  of  the  gen- 
eral heads  mentioned.  For  instance,  it  is  a  very  interesting 
fact  to  know  just  how  much  it  costs  to  run  the  boiler-room  ;  yet 
the  steam  generated  has  no  direct  effect  upon  the  ore,  but  only 
through  the  hoisting-,  compressing-  and  pumping-engines ;  so 
that  it  is  much  more  essential  to  know  the  value  of  the  steam 
used,  respectively,  to  break  the  ore,  to  hoist  it,  and  to  keep  the 
mine  dry  enough  to  work  in. 

To  show  its  relative  efficiency,  each  department  should  have 
an  account  kept,  wherein  it  is  charged  with  all  the  debits 
which  make  up  the  cost  of  its  operation,  and  credited  with  its 
proper  contribution  toward  the  whole  general  result.  In  other 
words,  a  double  entry  system  of  book-keeping  is  desired,  where 
each  operation,  such  as  breaking  ore,  tramming,  hoisting,  etc., 
has  its  debit  and  credit  account. 

There  are  many  methods  of  keeping  these  accounts.  The 
ordinary  book-keeping  method  is  too  clumsy,  being  too  labo- 
rious in  operation,  and  defeating  the  very  object  for  which  it 
was  intended,  by  exacting  too  much  time  and  trouble  on  the 
part  of  the  management  in  inspecting  and  studying  the  various 
accounts  in  their  relations  to  each  other.  The  card-system  has 
many  adherents,  and  it  is  certainly  an  excellent  plan  for  keep- 
ing the  individual  accounts  which  go  to  make  up  the  cost-keep- 
ing system ;  but  it  is  open  to  the  same  objection,  in  not  showing 
at  a  glance  the  relations  of  the  accounts  to  each  other,  to  the 
whole  result,  and  to  the  average  cost,  so  that  any  leakage  may 
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be  readily  discovered,  located  and  properly  remedied.  And  this 
is  the  need  of  the  modern  mine-manager. 

This  need  has  been  met  in  the  system  now  used  by  the  Port- 
land Gold  Mining  Co.,  Cripple  Creek,  Colo.,  which  is  applied 
in  its  simplest  form — that  is,  the  marketable  product  is  only 
gold,  which  always  has  a  market  value  of  $20  per  ounce.  The 
mine  is  of  large  size,  and  there  are  numerous  details  to  account 
for ;  therefore  it  is  the  purpose  of  this  article  to  describe  that 
system  at  some  length,  as  being  a  typical  and  representative 
case.  The  figures  shown  herewith  are  those  published  in  the 
company's  annual  report  for  the  year  1902. 

In  brief,  all  the  operating  costs  are  represented  upon  one 
large  sheet  by  co-ordinate  methods ;  debits  being  figured  along 
the  line  of  abscissae,  and  credits  along  the  line  of  ordinates. 
Thus,  every  figure  is  viewed  in  two  relations :  as  a  credit,  and 
as  a  debit.  It  is  a  credit  to  the  account  heading  the  vertical 
column  under  which  it  falls,  and  a  debit  to  the  account  in  the 
horizontal  column  opposite.  The  horizontal  columns,  then, 
show  how  the  expenses  accrue,  and  the  vertical  columns  show 
how  they  are  expended. 

The  accounts  are  divided  into  four  main  heads : — Milling, 
Plant  and  Development,  Stoping,  and  Distributed  Accounts. 
The  last-named  does  not  figure  by  itself  in  the  operating  costs, 
and  its  totals  are  not  to  be  included  with  the  other  total 
debits ;  but  these  amounts  are  distributed  or  charged  out  among 
the  other  three  heads  :  that  is,  the  accounts  which  do  not  bear 
directly  upon  mining  ore  are  charged  out  to  those  accounts 
which  do.  Thus,  for  example,  the  total  cost  of  running  the 
boiler-room  is  distributed  or  credited  to  the  various  purposes 
for  which  steam  is  used,  such  as  hoisting  and  compressing. 
In  the  hoisting  account,  for  example  (the  third  line  of  the  dis- 
tributed accounts,  Form  1)  :  the  amount  which  hoisting  is  in- 
debted to  the  boiler-room  is  added  to  other  debits  chargeable 
to  that  process,  showing  the  total  cost  of  hoisting;  this,  then, 
is  charged  out  or  credited  under  the  head  of  Stoping  to  the  ac- 
count of  hoisting  ore,  and  under  the  head  of  Development  to 
the  accounts  of  drifts,  cross-cuts,  etc.,  on  the  basis  of  the  ton- 
nage hoisted  from  stopes,  drifts,  cross-cuts,  etc.  Hence,  all  of  the 
distributed  accounts  eventually  find  their  way  into  the  three  main 
lieads  above, — accounts  which  bear  directly  upon  mining  the  ore. 
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Milling. — Since  the  Portland  mill  is  not  situated  near  the 
mine,  its  accounts  are  kept  separate,  and,  under  "  Milling," 
we  have  only  two  items — "  total  freight  and  treatment  on  ore 
sent  to  the  Portland  mill,"  and  "  total  freight  and  treatment  on 
ore  shipped  elsewhere."  These  two  items  are  kept  separate  in 
order  to  compare  the  cost  of  treatment  at  the  company's  mill 
with  that  of  custom-work. 

Plant  and  Development. — Under  this  head,  the  former  in. 
eludes  onh"  new  buildings  or  the  installation  of  new  machinery — 
whatever  may  be  considered  a  permanent  improvement — and 
the  latter  includes  underground  operations  which  are  of  the  na- 
ture of  permanent  equipment,  such  as  a  new  shaft  to  facilitate 
hoisting,  a  new  drift  to  open  up  a  vein  or  system  of  veins,  or  a 
cross-cut  to  explore  virgin  territory.  Development  is  consid- 
ered to  embrace  only  those  operations  which  could  be  cut  off 
without  materially  affecting  the  production  of  ore.  Under  this 
head  we  find  the  sub-heads  which  embrace  the  total  cost  of 
running  drifts  and  cross-cuts,  of  raising  and  sinking  shafts  and 
winzes.  Thus  it  appears  that  everything  under  the  head  of 
Plant  and  Development  is  an  asset.  All  other  costs  are 
charged  to  Sloping^  as  this  is  considered  to  include  all  ordi- 
nary running  expenses.  These  two  headings  need  no  further 
comment  here. 

Stoping. — This  heading  deserves  further  consideration  to 
explain  its  sub-heads  : — 

Breaking  Ore. — Under  this  term  is  included  everything 
from  drilling  into  the  solid  rock  to  delivering  the  ore  into  the 
chutes  ready  for  the  trammers.  It  embraces  also  the  labor  of 
the  machine-drill  men,  hand-miners  and  muckers,  the  cost  for 
running  the  machine-drills,  the  cost  for  explosives,  etc. 

Tramming. — The  cost  of  getting  the  ore  from  the  chutes  to 
the  stations  of  the  shafts,  including  repairs  to  tracks  and  tram- 
cars. 

Hoisting. — The  cost  of  raising  ore  and  waste  to  the  surface, 
delivering  the  ore  to  the  bins,  and  depositing  the  waste  on  the 
dump ;  includes  the  cost  of  running  the  hoisting-engines, 
labor  of  cagers  and  skip-tenders,  repairs  to  the  shaft  and 
machinery,  and  surface-tramming  and  tram-tracks. 

Timbering. — The  cost  of  both  labor  and  material  used  in 
keeping  the  mine  timbered. 
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Sorting  and  Loading. — All  expense  of  hand-concentration ; 
the  cost  of  tramming  to  the  dump  the  waste  picked  from  the 
ore,  of  loading  the  ore  into  the  railroad-cars  for  shipment,  and 
of  keeping  the  ore-houses  and  bins  in  repair. 

Pumping. — The  cost  of  keeping  the  mine  dry,  including 
repairs  to  both  pumps  and  lines. 

Lighting. — Cost  of  electric  lights  and  lines,  and  candles  issued 
to  the  miners. 

Assaying. — Including  cost  of  mine-sampling. 

Surveying. — Everj'thing  in  the  mine-engineering  line. 

Repairs. — Only  those  charges  for  general  wear  and  tear 
which  are  not  directly  chargeable  to  any  of  the  above  heads — 
such,  for  instance,  as  painting  the  shaft-house. 

General  Expense. — Office  accounts  of  both  the  Victor  and  the 
Colorado  Springs  offices ;  salaries  of  directors  and  officials,  etc. 

Insurance  and  Taxes. — Amounts  paid  for  insurance  and  taxes 
on  all  mining  property. 

Litigation. — All  legal  expense  connected  with  the  mine. 

Development  Charged  to  Sloping. — Costs  of  those  pieces  of  ex- 
ploration-work which  produce  ore  in  their  progress. 

The  other  items  need  no  comment  here. 

The  general  cost-sheet  is  supplemented  by  two  auxiliary  cost- 
sheets  :  one  for  Stoping  and  one  for  Development  (Forms  3 
and  4).  On  one  or  the  other  of  these  is  found  the  cost  of  op- 
eration in  detail,  as  well  as  the  production  and  progress,  of 
each  working  place  in  the  mine.  These  sheets  are  not  entirely 
separate  and  distinct  from  the  cost-sheet,  but  are  interdependent 
each  upon  the  other,  as  will  be  more  clearly  shown  later. 

The  scope  of  the  cost-sheet  can  be  most  clearly  and  satisfac- 
torily explained  by  referring  to  an  actual  example ;  so  reference 
will  be  made  to  the  one  for  December,  1902  (Form  1).  This 
cost-sheet  was  published  in  the  company's  annual  report  for 
that  year. 

Distributed  Accounts. — Taking  the  first  horizontal  line, — 
the  item  of  the  boiler-room,  we  find  this  account  indebted  the 
sum  of  $99.56  to  the  machine-shop,  $42.89  to  the  blacksmith- 
shop,  $2.30  to  the  carpenter-shop,  and  also  $464.92  to  the 
supply-account,  all  of  which  represent  labor  and  supplies  used 
in  repairing  and  maintaining  the  steam-lines,  boilers  and  build- 
ings, as  well  as  the  supplies,  such  as  waste  and  oil,  for  opera- 
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tion;  also  to  the  pay-roll  $1,073.25,  the  labor  of  the  firemen; 
and  to  general  office  account  $7.75,  a  voucher-account  directly 
chargeable  to  making  steam.  Then  we  see  the  account  of  fuel 
debited  with  $5,063.10  by  the  general  office,  which  sum  repre- 
sents vouchers  covering  the  cost  of  the  coal,  delivered  in  the 
bins.  This,  then,  appears  as  a  lump  sum  charged  to  the  boiler- 
room,  showing  as  a  debit  to  the  boiler-room  and  a  credit  to  the 
fuel  account.  Thus,  summing  up  the  debits  of  the  boiler-room, 
the  total  cost  of  making  steam  appears  to  be  $6,753.57. 

The  master  mechanic's  report  shows  that  the  steam  was  con- 
sumed in  the  proportions  given  in  Table  I. 

Table  I. —  Consumption  of  Steam. 

Per  Cent. 
Pumps  and  dryers  for  washing  waste  rock  in  ore-house,  .       5.5 

Pumps  in  mine,  .  .  .  .  •  .  •  .  .18.4 
Heating  oflBce-buildings  and  residences,  .  .  .  .  .2.7 
Compressors,    .         .         .         .         .         .         .         .         .         .37.8 

Hoisting-engines, .27.2 

Dynamo-engine,  .  .  .  .  •  .  .  .  .7.8 
Steam-hammer  (for  sharpening  drill  steel),     ....       0.6 

100.0 


The  cost  of  making  steam,  $6,753.57,  is  then  charged  to  the 
above  accounts  in  the  above  proportions,  and  the  boiler-room 
credited  to  that  extent,  as  shown  in  Table  II. 

Table  II. — Cost  of  Steam. 


BoUer-Room,  Dr.                       Boiler- Room,  Or. 

Machine-shop  (repairs),     .    .  $99.36                                              Percent. 

Blacksmith-shop  (repairs),    .  42.89  Sorting  and  loading,    .    5.5  $360.64 

Carpenter-shop  (repairs),  .    .  2.30  Pumping, 18.4  1,241.31 

Supplies, 464.92   -  General  expense,      .    .    2.7  180.32 

Fuel  (delivered  in  bins),    .    .  5,063.10  Compressing 37.8  2,561.63 

Pay-roll  (firemen), 1,073.25  Hoisting, 27.2  1,840.35 

General  office, 7.75  Electric-plant,  ....    7.8  527.45 


3,753.57 


Machine-drills,      ...    0.6  41.87 

,753.57 


In  Table  II.,  the  first  three  credit  items  are  ready  to  be 
added  in  as  they  stand,  to  form  the  total  operating-costs,  since 
they  bear  directly  upon  the  ore  account;  they  are  now  dis- 
posed of,  as  far  as  the  distributed  accounts  go.  The  other 
items  remain  in  the  distributed  accounts,  in  turn  forming  debits 
of  other  accounts. 
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The  tabulation  of  other  accounts  is  «:iven"in  Table  III. 


Table  III. —  Cost  of  Compressing,  Hoisting,  Electric  Plant  and 
Mach  ine-Drilling. 


Compressing,  Dr. 

Boiler  room,  steam,     ....  $2,561.63 
Machine-shop,  repairs  on  com- 
pressors and  air-lines,     .    .  22.54 
Supplies,  oil,  waste,  packing,        130.66 
Pay-roll,  engineers,     ....        279.00 

$2,993.83 


Compressing, 
Machine-drills,    .    .    .    . 


Or. 

2,993.83 


$2,993.83 


Hoisting,  Br. 

Boiler-room,  steam,  ....  $1,840.35 

Machine-shop,  repairs  on  en- 
gines,      34.97 

Blacksmith-shop,  repairs  on 

engines, 16.95 

Carpenter  shop,    repairs    on 

engine-room, 19.75 

Supplies,    lubricants,   pack- 
ing,     363.08 

Pay-roll,  hoisting  engineers,  2,886.44 

General  office, 5.00 


Hoisting, 

Tons. 
S  to  pes    (hoisting 

ore), 17,407 

Drifts, 1,536 

Cross-cuts,    ....    2,439 
Raises  and  winzes,        373 


Cost    of    hoisting    21,835 

tons, $5,166  54 

or  $0.2366  per  ton. 


Shaft  No.  1, 
Shaft  Xo.  2, 


66 
14 


Or. 

1,118.60 

363.54 

577.20 

88.32 

3.31 

15.57 


21,835      $5,166.54 


Electric- Plant,  Dr. 

Boiler-room,  steam  for  gener- 
ator,   .•    •    •    •  $527.45 

Machine-shop,  electrician  and 
repairs, 208.85 

Supplies,  lamps,  wire,  etc,    .    .    177.78 

$914.08 


Electric- Plant,  Cr. 

Lighting  (mine  and  surface),   .  $914.08 


$914.08 


Macfiine- Drills,  Dr. 

Boiler-room,   steam-hammer,        $41.87 

Compressing,  air  for  ma- 
chines,   .........    2,993.83 

Machine-shop,  repairs  on  ma- 
chines,     ;    .        203.58 

Blacksmith-shop,  sharpening 
steel,   ■    •    •    ; 1,728.13 

Supplies,    repair    parts    and 

new  steel, 599.88 

Cost  of  operating,    ....  $5,567.29 
2,403|  shifts,  or  $2.3166  per  shift. 


Breaking  ore,     .    . 

Drifts, 

Cross-cuts,  .  .  . 
Raises  and  winzes. 
Shaft  Xo.  2,  .  .  . 
Shaft  No.  3,   .    .    . 


Machine-Drills, 
Shifts. 
1,575 
267f 
365 
66 
10 
120 


Cr. 

3,648.71 
620.42 
845.37 
151.70 
23.16 
277.93 


2,403|    $5,567.29 


An  examination  of  the  credit  account  of  the  boiler-room, 
together  with  the  other  debit  accounts,  will  show  that  all  the 
boiler-room  expense  has  now  been  distributed  among  the  vari- 
ous operating  costs.     In  like  manner  all  of  the  distributed  ac- 
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counts  eventually  find  their  way  into  the  operating  accounts, 
and  are  there  absorbed  by  the  various  items  under  that  head. 

The  final  result  of  the  cost-sheet  is  now  merely  a  question  of 
cross-footing  the  various  operating  accounts,  and  balancing 
with  the  line  called  Total  Cost  of  Mining.  This  gives,  of  course, 
the  amounts  in  the  total  debits  column,  and  summing  these  up 
gives  the  total  cost  of  operating  the  mine. 

The  last  three  vertical  columns  of  the  cost-sheet  speak  for 
themselves ;  the  figures  are  obtained  merely  by  dividing  the 
total  debits  by  the  tonnage  gross,  tonnage  shipped,  and  ounces 
of  fine  gold  produced.  These  figures,  of  course,  are  invaluable 
for  showing  the  efficiency  of  the  operations  of  mining,  and  may 
be  said  to  be  the  pulse  by  which  the  condition  of  the  mine  may 
be  felt  at  once.  Of  these  three  columns,  the  last  should  be  the 
criterion,  although  the  cost  per  ton  shipped  is  more  often  re- 
ferred to.  But  as  the  same  gross  result  may  be  obtained  by 
shipping  a  large  tonnage  of  low-grade  ore  or  a  small  tonnage 
of  high-grade  ore,  yet  the  costs  and  profits  will  be  vastly  difter- 
ent  in  the  two  cases ;  so  the  cost  of  producing  an  ounce  of  fine 
gold,  regardless  of  tonnage,  is  the  real  criterion.  For,  after  all, 
the  object  of  running  a  gold-mine  is  not  to  produce  gold-ore  so 
much  as  fine  gold. 

It  will  be  noticed  that  on  the  cost-sheet  shown  herewith, 
there  are  really  two  cost-sheets  in  one,  side  by  side ;  one  for 
the  current  month,  and  one  for  the  current  year  to  date — in 
this  case  a  period  of  six  months,  of  which  the  current  month 
is  the  last.  This  latter  cost-sheet  is  kept  side  by  side  with  the 
other,  in  order  that  the  current  month  may  be  compared  at  a 
glance  with  the  rest  of  that  year  preceding,  and  also  that  the 
results  of  a  3^ear's  run  may  be  readily  obtained.  These  figures 
are  not  worked  out  separately,  but  are  carried  forward  from 
month  to  month. 

The  basis  of  the  distribution  into  the  heads  of  Stojjes,  Drifts, 
Cross-cuts,  etc.,  is  found  in  the  auxiliary-sheets  mentioned  be- 
fore. Thus  the  number  of  shifts  worked  with  machine-drills 
to  break  ore  is  found  from  the  stope-sheet  to  be  1,575|,  and 
the  number  required  to  run  drifts  shows  on  the  development- 
sheet  to  be  260-|,  for  cross-cuts,  311|^,  for  raises  and  winzes,  56, 
and  for  sinking,  70.  This  gives  a  total  of  2,2 73f  shifts.  Then 
on  the  development-sheet  it  will  be  seen  there  were  130  shifts 
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worked  with  large  machines;  and  as  these  require  just  twice 
as  much  air  as  the  small  ones,  130  should  be  added  to  2,273|, 
giving  an  equivalent  of  2,403|  shifts.  Now  from  the  cost- 
sheet  the  total  cost  for  running  machine-drills  appears  to  be 
$5,567.29,  or  $2.3166  per  shift.  This  constant,  multiplied  by 
the  number  of  shifts  for  each  heading,  gives  the  cost  of  ma- 
chines for  that  place.  And  thus  also  for  the  other  costs  on 
the  auxiliary  sheets — the  explosives  and  timber  being  charged 
out  as  used,  and  the  other  costs  being  apportioned  pro  rata 
according  to  production. 

The  results  of  the  cost-sheet,  such  as  the  total  cost  of  mining, 
cost  of  milling,  per  ounce  and  per  ton,  together  with  other  items 
of  general  interest,  are  plotted  into  graphic  curves.  These 
form  very  interesting  and  instructive  diagrams,  one  of  which  is 
shown  in  Fig.  1.  The  upper  line  represents  the  average  value 
of  the  ore  in  dollars  per  ton  shipped ;  the  next  line  below  shows 
the  total  cost  of  producing  and  marketing  a  ton  of  ore;  the 
difference  between  it  and  the  line  above  representing  of  course 
the  net  profits  per  ton.  The  second  line  is  the  sum  of  the  two 
smooth  lines  below — the  cost  of  mining,  and  the  cost  of  treat- 
ment. In  the  same  way  the  next  broken  line  below,  the  total 
cost  of  producing  an  ounce  of  fine  gold,  is  composed  of  the 
two  costs  represented  in  the  lower  broken  lines — the  cost  of 
mining  an  ounce  of  gold,  and  of  extracting  that  amount  of  the 
precious  metal  from  the  rock.  The  dotted  line  at  the  bottom 
represents  the  cost  of  mining  a  ton  of  crude  rock.  The  figures 
forming  the  basis  of  these  curves  are  taken  from  the  cost-sheet. 

It  will  be  well  to  note  that  the  general  upward  tendency  of 
the  costs  during  October,  ISTovember  and  December  is  due  to 
the  installation  of  new  and  expensive  machinery;  while  the 
downward  tendency  of  the  mining-costs  in  December  is  the 
beginning  of  the  effect  of  this  machinery.  The  upward  move- 
ment of  the  treatment  costs  is  on  account  of  the  higher  grade 
of  ore  being  treated. 

At  the  mine  the  different  sets  of  curves  are  shown  in  differ- 
ent colors  of  ink.  Other  diagrams  also  are  kept,  such  as  the 
cost  and  progress  of  development  work,  tonnage  handled  and 
shifts  worked. 

Comparison  with  the  new  cost-sheet  form  published  here- 
with (form  No.  2),  which  has  recently  supplanted  the  old  form 
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JULY         AUGUST         SEPT.  OCT.  NOV.  DEC. 


Fig.  1. — Diagram  of  Operatixg-Costs  of  the  Portland  Gold  Mining  Co. 


COST-ACCOUNTS    OF    GOLD-MINING    OPERATIONS.  101 

just  explained,  shows  the  new  system  differing  from  the  old  only 
in  the  greater  amount  of  detail  shown,  especially  in  the  dis- 
tributed accounts;  the  principle  of  the  system  remains  un- 
changed. By  the  addition  of  a  number  of  lines  to  the  dis- 
tributed accounts,  and  corresponding  vertical  columns,  detail 
can  be  shown  to  any  extent  desired.  Greater  detail  is  also 
obtained  by  the  addition  of  the  four  vertical  columns  headed 
Shafts  Nos.  1,  2,  3,  and  Lowell.  These  four  columns  balance 
by  themselves  with  the  total  debits  column,  but  are  separate 
from  the  rest  of  the  debits.  The  total  debits  column,  then,  is 
balanced  in  two  different  ways :  w^ith  the  four  working-shafts, 
and  with  the  rest  of  the  cost-sheet.  Take,  for  example,  the 
hoisting  account.  The  cost  of  the  hoisting  operation  for  each 
shaft  can  be  ascertained  with  great  accuracy,  also  the  amount 
of  repairs  put  upon  each  engine,  thus  showing  at  a  glance  the 
relative  efficiency  of  each  hoisting-plant.  But  in  the  total 
debits  column  only  the  grand  total  of  all  the  hoisting  expense 
is  entered ;  this  is  distributed  and  charged  out  as  before  shown 
in  the  old  cost-sheet.  As  the  shafts,  except  the  Lowell,  are  all 
connected  underground,  their  mining-expenses  cannot  always  be 
kept  separate,  but  merge  one  into  the  other,  and  such  items  as 
breaking  ore  and  tramming,  which  do  not  fall  naturally  into 
divisions  by  shafts,  are  charged  out  to  the  various  shafts  on  the 
basis  of  the  tonnage  hoisted  from  each. 

The  addition  of  the  account  called  ^^ Invoice"  will  also  be 
noticed.  As  such  accounts  as  supplies,  timber,  explosives,  and 
fuel  are  charged  out  as  used  and  debited  as  bought,  the  debits 
and  credits  do  not  balance  on  the  old  cost-sheet;  by  charging 
this  difference  to  the  account  of  Invoice  on  the  new  form,  the 
accounts  balance,  and  the  invoice  account,  carried  forw^ard  from 
month  to  month,  shows  the  amount  of  these  articles  in  stock. 

The  tw^o  cost-sheets  are  both  shown  in  this  article,  to  illus- 
•  trate  how  the  same  system  of  the  co-ordinate  method  of  cost- 
keeping  may  be  made  either  general  or  particular.  In  the  old 
form  the  system  is  a  very  general  one,  and  could  be  condensed 
and  generalized  even  further;  while  the  second  form  goes  into 
considerable  detail,  without  departing  in  any  essential  respect 
from  the  main  principle. 

Such  a  system  of  cost-keeping  may  be  objected  to  on  the 
ground  of  involving  too  much  "  red  tape,"  and  therefore  being 
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too  expensive  in  its  operation.  In  reply  it  is  maintained  that 
any  system  which  accomplishes  its  purpose  in  keeping  accurate 
record  of  the  cost  of  operating  is  cheap  at  any  cost.  But  the 
present  system  is  not  nearly  so  cumbersome  and  expensive  as 
it  doubtless  looks  at  first  glance.  It  has  now  been  kept  up  at 
the  Portland  ofiice  for  nearly  three  years,  with  the  employment 
of  the  same  ofiice-force  as  was  employed  for  the  same  length  of 
time  previous  to  its  installation. 

To  explain  just  how  each  one  of  the  basic  figures  is  obtained 
would  be  going  into  a  great  deal  of  unnecessary  detail,  a  large 
part  of  which  would  be  too  local  to  be  of  general  benefit,  as 
the  operation  of  this  system  is  made  to  fit  the  material  at  hand, 
and  is  largely  a  product  of  growth.  However,  a  sketch  of  the 
e very-day  labor,  as  practised  at  the  Portland,  may  be  instruc- 
tive. 

There  are  three  general  heads  under  which  the  entire  cost  of 
production  may  be  grouped  : — first,  2y(fy-roll ;  second,  voucher- 
account^  for  supplies  and  all  other  expenses  which  appear  on 
the  cost-sheet  under  the  head  of  "  General  Ofiice;"  and  third, 
freight  and  treatment  charges.  Theoretically,  the  sum  of  these 
three  should  be  the  total  cost  of  operation,  and  on  the  new  cost- 
sheet  it  actuall}"  is,  when  the  invoice  account  is  considered. 
The  freight  and  treatment  charge  is  taken  in  a  lump  sum 
directly  from  the  ore-book,  and  requires  no  further  comment 
here;  thus  the  whole  of  the  cost-sheet  has  its  derivation  in  the 
distribution  of  the  other  two  accounts,  the  pay-roll  and  the 
general  ofiice. 

The  distribution  of  the  pay-roll  is  accomplished  by  each 
shift-boss  or  foreman  making  out  a  report  of  each  day's  work 
upon  a  regular  form  (forms  JSTos.  5,  6,  7,  8,  9,  10  and  11)  which 
shows  the  number  of  shifts  or  hours  worked  upon  any  partic- 
ular job  under  his  supervision.  These  reports  are  all  handed 
in  to  the  ofiice  at  the  close  of  the  shift,  and  the  next  day  are 
compiled.  This  then  shows  the  daily  cost  of  each  piece  of 
work — the  cost  of  operating  the  machine-drills,  the  cost  of 
tramming  to  the  shaft,  the  labor-cost  of  timbering,  or  of  put- 
ting up  a  new  building.  Then  at  the  end  of  the  month  it  is 
simpl}'  a  matter  of  addition  to  get  the  labor-cost  of  each  piece 
of  work  done,  the  total  of  all,  of  course,  balancing  with  the 
total  pay-roll.     But  the  cost  thus  found  is  not  yet  ready  to  go 
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into  the  cost-sheet  as  it  stands — there  are  certain  additions  to 
be  made  to  it.  For  instance,  repairs  to  the  machine-shop  might 
necessitate  the  assistance  of  a  carpenter ;  the  cost  of  his  ser- 
vices is  then  taken  from  the  carpenter-shop  account  and  charged 
to  the  machine-shop ;  but  as  it  benefits  the  whole  mechanical 
department,  each  charge  in  that  department  has  to  stand  its 
share  of  it.  And  so,  too,  with  the  wages  of  supervision — this 
cannot  be  charged  to  any  particular  job,  but  must  be  appor- 
tioned among  all  the  pieces  of  work  under  that  supervision. 
The  way  these  charges  are  apportioned  appears  in  Table  IV. 

In  Table  IV.  the  first  column  represents  the  actual  labor- 
costs  as  taken  directly  from  the  daily  reports.  Then,  grouped 
under  the  sub-heading  '■'■Distributed"  are  the  items,  general  in 
nature,  whicb  must  be  distributed  over  these  amounts  to  make 
the  true  costs.  The  second  column  shows  the  distribution,  pro 
rata,  of  this  amount.  The  figures  in  the  third  column  are  the 
sum  of  those  in  the  first  two,  and  are  the  amounts  which  are 
now  to  be  entered  directly  upon  the  cost-sheet. 

For  example,  the  last  line  of  the  first  division  is  the  item 
$7.88  charged  against  the  carpenter-shop.  This  charge,  then, 
is  placed  directly  against  the  carpenter-shop,  and  appears  under 
the  sub-heading  ^'■Distributed"  Then  this  |7.88,  with  other 
similar  items,  make  the  $199.08  which  is  to  be  distributed  over 
the  items  forming  the  total  of  $1,502.39,  or  at  the  rate  of  about 
13.25  per  cent.  Each  amount  in  the  second  column  is  about 
that  percentage  of  the  corresponding  figure  in  the  first,  and 
their  sum  forms  the  amounts  in  the  third  column,  which  then 
appear  on  the  cost-sheet. 

The  distribution  of  the  general  ofiice  column  of  the  cost- 
sheet  comes  from  the  voucher-record,  upon  which  is  kept  a  dis- 
tribution of  each  account  as  it  is  vouch ered.  This  form  is  not 
shown  here,  being  merely  a  book  similar  to  that  generally  used 
in  connection  with  the  voucher-system.  These  accounts  have 
to  be  treated  the  same  as  those  of  the  pay-roll,  as  just  explained, 
before  entering  upon  the  cost-sheet.  However,  the  supplies-, 
explosives-,  and  lumber-  and  timber-accounts  are  further  dis- 
tributed, Xo  supplies  are  issued  except  upon  written  order  to 
the  store-keeper  (form  12),  signed  by  the  foreman  of  the  de- 
partment, and  stating  the  specific  use  of  the  article ;  this  forms 
the  basis  of  the  storekeeper's  distribution  of  supplies  issued. 
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Table  IY. — Distributed  Costs  of  Machine-Shop  and  Carpenter- 
Shop. 

Machine-Shop. 


Machine-drills 

Machinery  (new) 

Hoisting 

Compressing 

Sorting  and  loading 

Electric  plant 

Blacksmith-shop...  . 

Pumping 

Tramming 

Supplies 

Boiler-room 

No. '2  shaft 

Buildings 

General  expense 

Carpenter-shop 


Distributed : 

Lumber  and  timber. 

Blacksmith-shop 

Supplies 

General  office 


Pay-roll.       I    Distributed. 


$188.50 

1,881.88 

32.38 

20.87 

22.50 

193.38 
65.88 
61.38 

116.25 

233.12 
92.00 

212.75 
14.87 
25.00 


3,168.64 


$15.08 

152.52 

2.59 

1.67 

1.80 

15.47 

""4!  91 
9.30 

18.65 
7.36 

17.02 
1.19 
2.00 


249.56 

1.20 

1.94 

92.92 

153.50 


Total: $249.56 


Total. 


$203.58 

2,034.40 

34.97 

22.54 

24.30 

208.85 
65.88 
66.29 

125.55 

251.77 
99.36 

229-77 
16.06 
27.00 


3,418.20 


Carpeuter-Shop. 


Lumber  and  timber 

Cribbing 

Machinery 

Buildings 

General  expense 

Sorting  and  loading 

Assaying  and  sampling. 

Boiler-room , 

Hoisting 

Eepairs 

Surveying 

No.  2'shaft 

No.  3  shaft 


Total 

Foreman 


lyisti'ibuted  : 

Foreman 

Machine-shop 

Supplies 

General  office.. 


$485.43 

101.88 

51.00 

633.70 

5.25 

85.38 

4.00 

2.00 

17.2.5 

6.00 

9.50 

15.00 

86.00 


$1,502.39 
155.00 

$1,657.39 


B62.00 

13.00 
6.90 

85.00 
0.70 

11.53 
0.55 
0.30 
2.50 
0.80 
1.40 
2.00 

12.40 


$199.08 


$155.00 

7.88 

13.30 

22.90 


$547.43 

114.88 

57.90 

718.70 

5.95 

96.91 

4. 55 

2.30 

19.75 

6.80 

10.90 

17.00 

98.40 


$1,701.4'; 


$199.08 
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Explosives  are  issued  by  the  powder-man  only  upon  an  ammu- 
nition-order from  the  machine-drill  man,  statins:  the  headinor 
where  it  is  to  be  used  (form  13).  From  these  data  the  powder- 
man  makes  up  his  monthly  report  (form  14).  The  lumber  and 
timber  used  are  distributed  by  the  carpenter-foreman,  who  keeps 
account  of  all  the  lumber  used  in  repairs  and  construction 
about  the  surface,  as  well  as  the  underground  timbers.  The 
latter  account  is  still  further  subdivided  by  the  head  timber- 
man,  to  whom  is  reported  daily  the  amount  of  lumber  and 
timber  used  in  each  heading  by  each  timber-man  (form  15). 
This  gives  him  data  for  his  monthly  timber-record  (form  16). 
At  the  end  of  the  month  the  columns  are  added  and  figured 
at  a  price  sufficient  to  cover  cost  of  framing  and  handling,  as 
well  as  of  purchase.  The  amount  of  fuel  used  is  reported  by 
the  master  mechanic,  who  weighs  it  as  it  is  used  under  the 
boilers.  The  master  mechanic  also  reports  the  distribution  of 
the  steam  generated,  based  upon  the  horse-power  of  the  engines 
consuming  it. 

The  basis  for  the  auxiliary  sheets  is  the  shift-bosses'  distri- 
bution-sheet (form  17),  one  of  which  is  used  for  each  stope, 
drift,  cross-cut,  etc.,  in  the  mine,  and  upon  which  the  shift- 
boss  enters  the  distribution  of  his  shift.  The  tonnage  from 
each  place  is  obtained  by  counting  the  number  of  trammers' 
tags  (form  18)  from  that  place,  and  multiplying  by  the  car-con- 
stant (0.7  ton) ;  these  tags  the  trammers  place  upon  the  cars  as 
they  leave  them  at  the  stations,  and  the  top-men  remove  them 
and  turn  them  into  the  office.  Of  the  other  costs  upon  the 
auxiliary  sheets,  the  explosives  and  lumber  and  timber  are 
charged  directly  from  the  powder-man's  and  head  timber-man's 
reports;  the  cost  for  machines  is  the  debit  against  machine- 
drills  on  the  cost-sheet,  distributed  on  the  basis  of  the  number 
of  drill-shifts  worked ;  the  other  costs  are  taken  from  the  cost- 
sheet  and  distributed  on  the  basis  of  tonnage.  The  column  for 
feet  of  progress  on  the  development-sheet  is  filled  in  by  the  sur- 
veyor. 

Upon  the  above,  it  will  doubtless  be  commented  that  this 
throws  a  good  deal  of  clerical  work  upon  the  shift-bosses  and 
foremen — which  is  very  true ;  but  there  is  nothing  complicated 
in  what  these  men  are  asked  to  do — nothing  that  the  man  with 
average  intelligence  enough  to  be  a  good  foreman  cannot  do  in 
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20  or  30  minutes  at  the  close  of  the  shift.  And  this  expendi- 
ture of  time  more  than  pays  for  itself  in  giving  the  foreman  a 
line  on  his  work — a  review  of  the  work  of  the  day  and  a  basis 
for  the  plans  of  the  next.  It  is  merely  a  question  of  devoting 
about  that  much  time  to  it  every  clay.  By  obtaining  the  co- 
operation of  the  foremen,  the  system  is  not  nearly  so  expensive 
as  may  be  imagined. 

i^o  progressive  and  business-like  mine-operator  will  question 
the  efficacy  of  keeping  close  watch  upon  his  cost  of  produc- 
tion— of  having  some  system  which  will  show  at  a  glance  at 
regular  intervals  where  a  saving  might  be  effected,  and  which 
will  compare  the  efficiency  of  present  working  with  past.  The 
only  question  is  as  to  how  this  can  best  be  accomplished. 

While  it  is  not  claimed  that  the  system  above  described  is 
the  best  that  could  be  devised  for  all  cases,  yet  it  is  claimed 
that  it  is  the  best  for  the  conditions  here  at  hand ;  and  it  is  also 
claimed  that  the  excellent  showing  made  by  the  Portland  mine 
in  recent  times  is  entirely  due  to  close  supervision  guided  by 
the  cost-sheet. 

The  forms  employed  by  the  Portland  Mining  Company  are 
given  in  full  on  the  pages  which  follow.  For  the  purpose  of 
this  publication,  they  have  been  much  reduced  in  size,  and  pro- 
vided with  explanatory  notes  which  do  not  appear  upon  the 
sheets  used  in  the  office.  I  trust  that,  thus  presented,  together 
with  the  preceding  comments,  they  will  enable  mine-managers 
to  estimate  intelligently  the  value  of  the  system,  and  the  ex- 
tent to  which,  with  suitable  modification  to  adapt  it  to  local  con- 
ditions, it  may  be  employed  with  advantage. 

In  conclusion,  I  wish  to  disclaim  credit  for  any  originality  in 
the  system  described,  except  in  a  few  minor  details,  such  as  the 
graphical  diagrams  of  the  results.  The  credit  for  installing 
the  cost-sheet  at  the  Portland  mine  (in  1902),  and  for  working 
out  its  general  ideas,  belongs  to  Mr.  J.  R.  Finlay,  then  mana- 
ger; in  this  labor  he  was  ably  assisted  by  Mr.  L.  F.  Curtis,  the 
purchasing  agent,  who  put  the  system  upon  a  practical  working- 
basis,  and  who  has  since  modified  it  to  suit  the  growing  needs 
of  the  mine.  To  these  gentlemen,  together  with  Mr.  F.  M. 
Kurie,  the  present  manager,  I  wish  gratefully  to  acknowledge 
my  indebtedness. 
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List  of  Forms. 

1.  General  Cost- Sheet. 

2.  General  Cost-Sheet,  ivith  Distributed  Accounts. 

3.  Stope-Beport. 

4.  Bevelopment-Picport. 

5.  Shift-Beport. 

6.  Ore-House  Beport. 

7.  Surface-Bepjort. 

8.  Carpenter- Shop  Bepmrt. 

9.  Distribution  of  Labor  in  Machinery  Department. 

10.  Blachsniith-Shop  Beport. 

11.  3Iechanical  Depiartment. 

12.  Order  on  Storeheeper. 

13.  Ammunition- Order. 

14.  Powder-IIan^s  Bejjort. 

15.  Tiniberman' s  Beport. 

1 6 .  Timher-Beport. 

17.  Shift-Bosses'  Distribution-Sheet. 

18.  Trammer's  Tag. 


Form  1. —  The  Portland  Gold  31ining 

20,425  Tons  of  Ore  Stoped  for  Month  of  December,  1902.     121,677.755  Tons  Stoped  for  6 
7,837.19  Tons  of  Ore  Shipped  for  Month  of  December,  1902.    47,649.26  Tons  Shipped 


Boiler-Room. 

Compressing. 

Hoisting. 

Electric  Plant. 

i 
Tramming.   1 

1  Mo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

1  Mo.  i  6  Mos. 

IMo. 

6  Mos. 

Breaking  ore...  

518.92 

2,852.93 

Timbering 

4,118.60 

25,956  40 

Sorting  and 

loading 

Pumping 

360.64 
1,241.31 

1,859.86 
19,517.78 

914.08  ,  4,526.02 

'5. 
o 



1 

Gen.  expense, 

180.32 

712.20 

g 

a 

Gen.  expense, 
C;olo  Sp 

. 

' 

o 

Insurance  and 

I 

<< 



z 

25,956.40 

914.08    4.,'i2fi.05> 

< 

Total 

1,782.27 

22,089.84 

4,118.60 

518.92 

2,852.03! 

f^ 

^ 

o 

Drifts 

363.54 
577.20 

88.32 
3.31 

15.57 

2.787.97 

1,710.96 

390.72 

302.87 

15.57 

45.21 

72.27 

10.85 

0.41 

1.91 

495.611 

228.41; 
58.59 
50.90: 
1.91 

1 

o 



Shaft  No  1 

Shaft  No  2 



Shaft  No  3 

323.84 

> 

Q 

Machinery 

— ;;7- 

1 

S 

1,047.94 
5,166,54 

130.65 
649.57 

5 

Total 

Total    cost 
mining 

1,782.27 

323.84 
22,413.68 

5,208.09 
31,164.49 

835.42 
3,688.35 

91 4. OS 

4,526.02 

Other  freight— 

S 



Distributed 


Compressing.... 

Hoisting 

Electric  plant.. 

2,561.63 

1,840.35 

527.45 

• 

fr- 

o 

■ 

< 

B  S  shop 

a 

Carpenter-shop 
Machine-drills. 

■ 

H 

41.87 

2.993.83 

p 

n 

Lumber   and 

H 

i 

Q 

Surface 

Fuel 

General  office... 

4.971.30 

2,993.83 



6,753.57 

2,993.83 

5,166.54 

914.08 

649.57 

ExpiiANATiON. — All  accounts  are  debited  in  the  horizontal  columns  opposite 
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out  among  the  various  operating  accounts  under  the  heads 


Cora'pany. —  General  Cost-Sheet. 


Note. — Form  ] ,  the  original  size  of  which  is 

21  bj-43.5  in.,  covers  4  pages  of  this  paper.  The 

left  half  of  the  sheet  is  given  on  this  and  op- 

posite  page,  and  the 

Months.     9,888  Ounces  Fine  Gold  for  Montn  of  December,  1902.  right  half  on  the  two 
for  6  Months.     56,996.137  Ounces  Fine  Gold  for  6  Months.  following  pages.— 

Iv.  W,  ft. 


Timbering. 

Machine-Shop. 

B.  S. 

Shop. 

Carpenter-Shop. 

Machine-Drills. 

Explosives. 

IMo. 

6M0S. 

1  Mo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

1  Mo.  j  6  Mos. 

1,214.68 

3,648.71 

20,728.88 

3,135.00 118,307.30 



149  22    9,427.37 



1 

.      24.30 
66.29 

280.03 
505.63 

16.91 
7.26 

106.66 
89.64 

96.91 

584.25 

1.37 

I 

2.28 

4.55 

4..'i5 

10.90  i       16-40 

6.80 
5.95 

86.80 

87.70 

27.00 

27.00 

1.13 

1 

149.22 

9,427.37 

117.59 

812.66 

24.17 

1,413.26 

125.11 

779.70 

3,648.71 

20,728.88 

3,135.00 

18,309.80 

1,156.52 

541.42 

620.42 
845.37 
151.70 

^385.]8 
3,613.45 
1,745.34 
962.40 
23.16 
1,353.83 

846.48 
984.58 
142.18 

leisi 

248.15 

7,950.04 

4,804.73 

1,338.61 

457.23 

617.8S 

101.98 
21.33 
196.39 

55.50 
21.66 
350.66 
1,615.72 
2,960.82 
741  17 

4J5.04 

229.77 

229.77 
55.13 

21.33 
4.58 

17.00 

98.40 
114.88 
718.70 

23.16 
277.93 

48.58 

1,564.30 

16.06 
2  034.40 

410.18 

7.53 
.«i4n  83 

1 

finin  71 

1fifi0« 

::z::::::j  ::::::::;::: 



1 

'                 1 

2,269.45:  2,280.23 

6,705.79 
7,518.45 

191.94    1.209.48 

1,006.88 
1,131.99 

5,745.53 
6,525.23 

1,918.58  13.027.86 

2,237.70 
5,372.70 

16,163.49 
34,473.29 

149.22 

11,696.82  2,397.82 

216.11 

2,622.74 

5,567.29 

33,756.34 

Accounts. 


99.36 

22.54 

34.97 

208.85 

125.55 

42  89' 

2.30 

16.95 

19.75 



40.19 

1 

12.08 

1.94 

65.88 

7.88 

203.58 

1 

i  728.13 

547.43 

*   ■ 

251.77 

2.94 

1,020.38 

1  845.12 

569.48 



149.22 

3,418.20 



2  061  23 i 

1,701.47 

5,567  29 

5,372.70 

their  names  and  credited  in  the  vertical  columns  below  their  names, 
the  operating  costs,  but  their  amounts  are  distributed  or  charged 
of  "  Sloping,"  "  Plant  and  Development "  and  "Milling." 
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Form  1. — Portland  Gold  31ining  Com}mny. 


Lumber  and 
Timber. 

r. ,;„,        i    Surface  Ex- 

Supphes.                 pgjjgg 

Fuel. 

C.  S.  Office. 

Pay-Roil. 

1  Mo.     6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

IMo. 

6  Mos. 

43.11 

570  19 

10,023.74 
4,723.75 
4,270.50 

60,459.22 
30,377.82 
21,391.26 

80.00 
39.36 



4,690.45  11,097.18 

..     . 

5  36        '^^  ''"■ 

129.47 

35.13 

370.95 

4.06 

59.52 
6.55 
8.38 

676.01 

1,864.06 
1,706.10 

16.63 
100.54 

43  37 

145.88 

313.11 

5,893.23 
291.00 

35,469.89 
5,220.64 

21.02 

0.80 

2.20 

3.12 

117  fin 

0.80 

373.88 
547.51 

2.33 

1,287.52 
187.71 

96.'38 

18.-1  .ST 

27.53        99.12 

1,214.14 
22,099.98 
15,261.49 

6,974.89 

186.00 

1,091.00 

3,028.51 

3,290.00 

1 



11,272.68 

480.87 

4,715.41 

657.17 

5,123.79 

1,790.67 

6,318.5] 

45,550.50 

25,484.90 

154,931.22 

35  85 

35.85 

94.97 

2,147.18 
3.089.03 

808.13 
48.00 

131.81 
1,987.10 

18,556.99 

13,230.85 

7,747.56 

3,235.49 

223.81 

10,431.78 

99  S'' 

249.10 

563.41 

41.88 

2,025.79 

2,264.54 

2,918.27 

843  62 

1 



10  28 

184.87 

5  16 

18  32 

407  30 

3'  06      .'^on  .=M 

162.00 

185  60 

72.50 
2,122.99 

130.64 
270.85 
330.49 

881.82 

1,545.33 
2  278  20 

8,038.97 

96.00 
51 .25 

66  60 

ik  .^"fi 

1 

1 

1,692.43 
6,407.84 

8  942  46   aSTSQl,  QSOioi 

14.50 
445.37 

731.98 
2,522.65 

162.00 
162.00 

8,0.38.97 

6,318.51  33,589.47 

8,211.25 
33,696.15 

53.573.73 
208,504.95 

20,215.14 

4,531.08 

14,448.00 

! 



1 

1 

Distributed 


464.92 

130.66 

363.08 

177.78 

182.17 

137.14 

92.92 

92.92 

13.30 

599.88 

5,063.10 

1,073.25 

279.00 

2,886.44 

....: 

;;■■■; 



8.16 

212.50 

81.00 

1.20 

3,168.64 
1,660.69 
1,657.39 





192.75 

320.89 
75.12 



70.00 
990.76 



11.18 

9.36 

2,265.95 
6,797.03 

608.51 

12.059  92 

6,417.20 

1,053.88 

5,063.10 

45  756  07 
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Ill 


General  Cost-Sheet. — Continued. 


Gen.  Office. 


IMo. 


285.00 
140.00 


191.50 


6  Mos. 


1,887.96 
636.67 
399.96 
100.00 

1,276.50 


100.00 

859.  '^3 

615.771  4,390.75 


211.39 


!,948.64 


1,226.04 

108.80 

9,033.80 


Total  Debits. 


Cost  per  Ton  '  Cost  per  Ton    Cost  per  Ounce 


Crude. 


IMo. 


6  Mos.    !l  Mo.  6  Mos. 


17,135.56  103,168.23,  0.8390  0.84.79  2.1864 
5,382.67  33,947.42  0  2635  0.27.90  0.6868 
9,110.17  42,355.13  0.4460  0.34.81  1.1624 
4,118.60  26,056.40:0.2016  0.21.41.  0.5255 
6,864.50    40,598.4410.33610.33.37,  0.8759 


Shipped. 


IMo.    6 Mos 


1,640.99 

1,285.83 

624.38 

378.19 

218.02 

4,455.41 


0.35         84.94     3,028. 


100.00       300.00 


27,318.7710.0803  0.22.45:  0.2094     0.5733 
7,092.15:  0.0630  0.05.83'  0.1641  I  0.1488 


2.1651 
0.7124 
0.8889 
0.5470 
0.8520 


4,790.29  0.0306  0.03.94 


1,895.94 :  0.0185 

1,644.091  0  0107 

12,381.08  0.2181 


22,186.05 
15,261.49 


0.1483 


0.01.56 
0.01.35 
0.10.18 

0.18.23 

0.12.54 


5,492.65 


20,404.65 


283.59 
121.07 
110.31 


46!  50 

""962!54 

50.25 
"4,386.96 

3,390.00     7,274.89  0.1660  0.05.98    0.4326 
6,114.05    24,812.50;  0.2993  0.20.39,  0.7801 


0.0797 
0.0483 
0.0278 
0.5686 

0.3865 


2,686.73  33,652.88' 


4,058  68 

5,568.45 

1,301.00 

62.00 

480.34 
3.055.47 

300.48 
1,124.45 
7,304.41 


370.782  87 


37, 

23, 

12, 

5, 

1, 

17, 

4, 

13 

i  56 


,298.14 

,709.4 

,258.12 

,904.65 

,176.43 

,104.48 

,083.40 

,173.60 

,204.57 


3.1210 


3.04.73 


8.13.41 


0.5179 
0.710S 
0.1660 
0.0079 
0.0618 
0.3900 
0.0382 
0.5263 
0.9320 


0.1005 
0.0398 
0.0345 
0.2598 

0.4656 

0.3203 

0.1527 
0.5207 


7.78.14 


0.7828 
0.4976 
0.2572 
0.1239 
0.0247 
0.3589 
0.0857 
0.2765 
1.1795 


Gold. 


1  Mo.     6  Mos 


1.7328 
0.5443 
0.9213 
0.4165 
0.6942 

0.1659 
0.1300 
0.0631 
0.0383 
0.0220 
0.4506 

0.3063 


0.3428 
0.6183 


6.4464 


0.4104 
0.5631 
01315 
0.O063 
0.0486 
0  3089 
0.0304 
0.4171 
0.7386 


1.8101 
0.5956 
0.7431 
0.4572 
0.7123 

0.4793 
0.1244 
0.0S40 
0.0333 
0  0288 
0.2172 

0.3892 

0.2678 

0.1277 
0.4353 


1  Breaking  ore. 
Tramming. 
Timbering. 
Hoisting. 
Sorting  and 
loading. 
Pumping. 
Lighting, 
i  Assaying. 
[Surveying. 
I  Repairs. 
General  expense, 

Victor. 
General  expense, 
1       Colo.  Sp. 
Insurance  and 
■       taxes. 
1  Litigation. 

Development    charged 
to  Stoping— 2,571  tons. 


6.5a53 


0.6544 
0.4158 
0.2150 
0.1035 
0.0205 
0.3008 
0.0716 
0.2310 
0.9861 


Total. 


Drifts. 
Cross-cuts. 
Raises. 
Shaft  No.  1. 
Shaft  No.  2. 
Shaft  No.  3. 
Cribbing. 
Buildings. 
Machinery. 


.  1  26,255.28  170,912.86 
. '     6.114.05    24,812.50 


3,649.27  38,650.56    20,141.23  146,100.36 
9,141.92  59,055.21    83,888.46  516,883.23 


34,506.48 
35,856.94 


284,868.31 
111,670.72 


70,363.42  396,539.03 


154,251  88  913,922.26' 


3.3501 
0.7801 


3.5868 
0.5207 


2.5700  1  3.0661 
10.7041   10.8475 


7.0860  I  7.4695 
12.0831   11.7405 


8.9781 


19.6822 


8.3219 


2.6549 
0.6183 


2.0366 
8.4830 


7.1153 


15.5983 


2.9987 
0.4353 


Total. 

Less  Dev.  charged  to 
Stoping. 


2.5634  Total. 
9.0687  Total  cost 
mining. 


6.9573 


16.0260 


Portland  mill  (oper'n) 
Other  freight- 
treat. 


7.75 

6.753.57 

2,993.83 

5,166.54 

914.08 

649.57 

149.22 

3,418.20 

2,061.23 

1,701.47 

5,567.29 

5,445.38 

4,411.28 

4,132.70 
1,053.88 

5,063.10 

Compressing. 
Hoisting,  21,836  tons. 
Electric  plant. 
Tramming,  22,349  tons. 

5.00 

153.50 

Machine-.^hop. 

Blacksmith-shop. 

Carpenter-shop. 

Mach  -drills  'MOS^shifts 

241.74 

22.90 



5,252.63 



Explosives. 

3,542.96 

3,735.81 

timber. 
Supplies. 
Surface 

expense. 

49.00 

5,063.10 

18,074.39 

49,481.34 

27,216.31 
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Form  3. —  The  Portland  Gold  Mining  Co.— 

For  month  endinj 


200 
400 


7001 

"soo 

i 

900 


i',m, 
i",'i66' 


Portland 40.00 

Bobtail I    142.00 

No.  4  Lee 

No.  5  Captain 453.50  154.50 

No.  7  Captain 588.001 

No.  9  Captain 648.00 

No.  3  Captain 164.00 

No.  4  Captain 320.00 

No.  5  Captain 252.00 

No.  7  Captain 64.00 

No.  9  Captain 392.00 

Burns 40.00 

Old  No.  2 

No.  2  Slope 236.00 

North  Diamond 

Bobtail 316.00  , 

No.  3  Captain 212.00 

No.  4  Captain 32.00 

No.  7  Captain 420.00 

No.  S  Captain 12.00 

No.  2  Hidden  Treas 

No.  2 Slope 384.00 

Rose 

No.  1  Hidden  Treas 

No.  2  Hidden  Treas 

No.  3  Lee 

No.  4  Lee 4.00 

Bobtail 

No.  1  Hidden  Treas 

No.  3  Hidden  Treas..! 

No.  3  Hidden  Treas..'    624.00 

No.  4  Lee I    202.00 

East  Fork i    396.00  , 

No.  3  Hidden  Treas..!    160.00: 

No.  4  Lee |    200.001 

East  Fork 1 


6,301.50  722.27  2.211.98  3,965.62  162.83  2,120.14  1,881.0217,365.36 
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Slope  Report  (Size  of  Original  Sheet,  18  by  19.25  in.). 
Decembers!,  1902. 


23.16      2.44 
82.22     7.55 

8.42 

262. 58i  60.37 


340.47 
375.21 

94.96] 
185.29! 
145.92 

37.06 
226.98 

23.16 

ise.'es 


31.72: 
30.78 
21.59 
11.05 
17.65 
13.55 
20.39 
5.23 
6.04  i- 
19.14 


182.97 

122.75 

18.53! 

243.18' 

6.95 


11.43 

12.571 
7.101 

13.65; 
1.81 
2.44 

31.20 


361.30 
116.96 
229.29 
92.64 
115.811 


18.03 
l.OSi 
2.14 
4.68 
4.92 
5.03' 
3.32 
41.27i 
15.77 
12.86 
58.79 
14.36' 
0.55 


32.04 

82.83 
4.45 
3.061 

98.87! 
193.61 
345.20 

57.19 
246.12 
104.01 

27.61 
216.02 

15.23 

19.86 
154.87 
1.45 
132.97 
119.97 

17.08 
216.87 

39.71 


37.26| 


179.39 


12.55 
9.43 
2.12 

14.06 
0.88 


,475. 90i 

38.16 
36.30 
,003.96 
19.56 
16.10 
13.60 
16.40 
7.64 


68.59 


19.87 

61.28 

68.62 

491.20 

2.58.13 

2.50.35 

117.40 

82.57 

133.92 

103.63 

159.24 

42.58 

49.21 

155.69 


"   K    > 

§P5t» 
O 


3.09 
9.58  1 
10.68 
76.53  ! 

40.19  ' 
39.01 
27..33 
13.99 
22.37 
17.18 
25  83 
6.62 
7.46 
24.25 


39.15; 

23.001 

3.25 

26.58 


411.90 

177.33 

107.20 

39.70, 


92.99 
102.45 

57.73 
113.35 

14.67 

19.87 
241.10 


14.50 

15.93 
8.99 

17.30 
2.29 
3.09 

39.51 


0.61 
325.90 

89.80 
171.92 
105.22 

94.10 


240.10 
63.42 

"760.56 

63.55 

1.30 


146.67 

8.75 

17.51 

38.09 

40.22 

40.93 

26.97 

335.74 

128.23 

100.08 

478.41 

116.65 

4.50 


22.83 

1.35 

2.70 

5,92 

6.24 

6.37 

4.17 

5225 

19.96 

16.29 

74..53 

18.16 

0.68 


37.90 
117.18 
130.76 
936.77 


214.50 

706.03 

371.18 

6,110.24 


492.08 
477.55 
334.79 
171.50 
273.83 
210.35 
316.15 
81.17 
93.80 
296.88  1 


177.50 
195.19 
110.23 
211.83 
28.11 
37.90 
484.18 


279.51 
16.74 
33.16 

72.64 

76.43 

78.01 

51.48 

640.20 

244.46 

199.61 

912.14 

222.66il 

8.53 


,396.37 
.517.56 
,829.24 
,265.06 
,192.561 
684.611 
,699.39 
318.88 
321.62 
,448.57 
8.33 
,204.64 
999.12 
329.16 
,519.26 
132.791 
113.30 
,6.31.26! 
279.83 
,092.17, 
121.55 
64.76 
229.46 
177.45 
237.84 
103.81 
,437.89 
,065.98 
,211.. 5.=) 
,017.49 
,094.42 
37.56 


56 

225 

266 

1,918 

1,080 
1,055 
389 
343 
500 
323 
639 
170 
176 
613 


3, 648. 71'518. 92  3, 135. 00  4, 690. 45  4,118.60  657.17  8,051. 22J42,1&5.43  15,562    1,845    447 


386 
389 
181 
412 
49 
66 
970 


494 

15 

67 

148 

143 

138 

101 

1,195 

513 

422 

1,640 

461 

19 


28 

34 

24 

158 

111 


C  S  c 

oQm  j 


84  2.. 55 
259  2.72 
290 '1.29 


;   2,076 

1,091 
31 1,058 


10 
6 
66 

115 
34 
10 
32 
45 


246 
31 
41 

28 
28 


742 


2.20 
2.38 
3.81 


380  3.33 
607  1.96 

466:i.47 
7012.42 
180;i.77 
20811.54 
658 12.20 


54 


393  3.06 

433i2.31 

2441.35 

4793.17 

62  2.14 

84  1.35 

1,073:2.45 


126|.... 

221.... 

7  .... 

13  .... 

27  .... 

a5|.... 

13 

224! i  1.4192.42 

29  '  542:1.97 

11     19  442r2.74 

382 1  2,022|1.9S 

32 '  4932.22 

191.97 


6201.76 
37;3.29 
740.88 
161  1.42 
170  1.04 
173  1.37 
114  0.91 


17,854l2.36 
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Form  4. —  The  Portland  Gold  Alining  Company 

For  Month  Ending 


Drifts. 

. 
a 

1 

H 

a 

"3 
> 
o 

s 

i 

a 

M 
O 

H 

-a 

a 

oj 

ft 

e 
s 

1 

a 

o 
H 

2UU  Burns S. 

56.00  1     3.00 

54.00 
42.00 
50.00 
121.75 
22.50 

3.75 
83.25 

1.50 
44.25 

22.50 
10.94 
12.38 
2.63 
4.13 
0.75 
10.88 
0.75 
1.88 
0.38 
2.25 
5.63 
25.50 
14.25 

4.25 
3.38 

24.50 
0.44 

21.00 

181.00 

133.38 

358.38 

60.38 

66.63 

12.50 

206.13 

2.25 

97.13 

0.38 

126.13 

126.88 

81.25 

516.75 

83.63 

94.38 

2,147.18 

79.25 

98.37 
410.01 

73.25 

1,160.13 

321.50 

30.00 
■432.38 

401.13 

as. 01 

8,089.03 

400  Tidal  Wave S. 

80.00 
196.00 
36.00 
40.00 
8.00 
112.00 

1 

500 

Bobtail N. 

No.  5  Captain S. 

Burns SW. 

No.  8  Captain S. 

fiOO 

KOO 

No.  2  Captain S. 

No.  3  Captain N. 

No.  3  Captain S. 

No.  4  Captain N. 

No.  4  Captain.... N. 

No.  4  Captain S. 

j 

1 

51.00 



900 

80.00 

80.00 

40.00 

108.50 

52.00 
52.00 

43.88 
41.25 
15.75 
342.50 

27.38 
39.00 

1,000 

No.  4  Captain N. 

No.  3  Hidden  Treasure. ..N. 

No.  3  Hidden  Treasure....N. 
No.  3  Hidden  Treasure.. ..S. 

24.50 

27.00 

1  ion 

991.50i24.50 

30.00 

932.76  122.48 

i 
32.62     2.63 
37.87i     4.50 

24.94 

21.00 

Adit 

Cross-cuts. 
Xo.  4  Cantain W. 

44.00 
56.00 
212.00 
44.00 
436.00 
176.00 

No.  4  Captain E. 

500  No.  7  Captain NE. 

600  Burns E. 

181.88 

27.00 

338.63 

133.50 

16.13 

2.25 

20.25 

19.  00 

No.  8  Captain E. 

700  No.  2  Hidden  Treasure... E. 

365.25 

1,100 

From  No.  1  Shaft S. 

18.00 

9.00     3.00 
63  OOl     fi  38 

No.  1  Shaft  to  No.  2 N. 

No.  2  Shaft  to  No.  1 S. 

50.00  45., 50 

Contract. 
267.50 
245.00 

64.00 
.56.00 

49.00 

. 

42.00 

23.63 
889.13 

45.38 
70.50 
115.88 

3.00 
6.00 

1.13 

3.38 
71.65 

4.50 
4.50 
9.00 

21.00 

No.  1  Cross-cut  from 

No.  2D W. 

1,138.00 

96.00 
128.00 
224.00 

40.00 

94. -50 
33.25 

18.00 
168.00 

365.25 

512.50 

122.50 
45.50 
168.00 

1.31 

400 

Raises. 
No.  1  Tidal  Wave 

51.00 

39.00 

90.00 

Contract. 

39.50 

42.00 

1,725.60 

1  807  10 

520.63 
287.50 
808.13 

1.^1.81 

48.00 

1/768.10 

1,947.91 

No.  2  Tidal  Wave 

33.25 

168.00 

600 
1,100 

Shaft. 
No.  2  Station 

Burns'  Station 

No.  3  Shaft 

42.50 
43  81 

''I  00 

40.00 

9  00 
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Development- Report  (Size  of  Original  Sheet,  18  by  19.25  in.). 

December  31,  1902. 
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5S 


6 

.• 

m 

© 

Occupation. 

i 

p 
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Form  9. —  The  Portland  Gold  Mining  Co. — Distribution  of  Labor  in 
3Iachinery  Department  (Size  of  Original  Sheet,  11  by  6  in.). 


No.  1 
Shaft. 

No.  2 
Shaft. 

No.  3 
Shaft. 

Total. 

Machinery,  Repairs  and  Constructioiu     Xo. . . 

Men  on  Engines  and  Compressors.         No... 

TT<^i*;tincr-pno-inp    nndprffround 

Men  on  Boilers,                                      No... 

Pump-Men.                                             No... 

Blaclcsmilh-Shop.                                    No... 

Special  Help.                                             No... 

Cables 

Total  men 
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Form  12. —  The  Portland  Gold  Mining  Co. — Order  on  Storekeeper. 

190... 

Storekeeper  will  please  deliver  to  bearer  and  charge  to 


, 

(Size  of  original  sheet,  4  by  6  in.) 

Foreman. 

Form  13. —  The  Portland  Gold  Mining  Co. — Ammunition  Order. 

O'clock  Shift.  190... 

Level.  Place  Working 


.Sticks  li"  Powder. 

.Sticks    i" 

Lengths  Fuse    Feet  Long. 


(Size  of  original  sheet,  S.5  by  6  in.) 


Machine  Man. 

In  sending  in  above  order,  Machine-Men  must  fill  out  the  blanks  indicating  the 
level  and  place  working.     Always  sign  your  orders. 


Form  lb.— The  Portland  Gold 

Mining  Co. —  Tim berman  's 

Report. 

O'clock  Shift Date. 

Level Stops  or  Drift. 


Posts, 


Form  IS.— The  Portland  Gold 

Mining  Co. —  Trammer's 

Tag.* 

O'clock  Shift, 190... 

Ore^  Mill  DirE      \       Waste. 

I  I 


Caps, 


Sills, 


Ties, 


Trammed  from 

Level  No and  Run  to. 


Taken  from 


But  caps. 


Chute.    I      Piatt.      I       Rough  Bottom 


(Size  of  original  sheet, 
6  by  4  in.) 


Stulls, 


To  be  delivered  in  bin  No. 


&o- 


New, 


Raised, 


Sprags, 


Ladders, 


Planks,  ft.. 


Timberman. 


Trammer. 

Trammers    will     indicate     whether 

"Ore,"    "Mill   Dirt"    or    "Waste," 

bv  putting  an  X  underneath  tbe  word  : 

the  same  with  "Chute,"  "Piatt"  or 

!     "Rough  Bottom."      Fill  in  and  date 

I    blanks,  sign  name  and  send  out  with 

car. 
I         If  on  other  work  than   tramming, 
state  number  of  hours. 

*  Size  of  original  sheet,  5  .5  by  3.5  in. 
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Form  14. — Portland  Gold  Mining  Co. — Powder-Man's  Peport* 


Level. 

Level. 

Level. 

Level. 

Level. 

Level. 

Level. 

Day. 

Name  of 
Place. 

Name  of 
Place. 

Name  of 
Place. 

Name  of 
Place. 

Name  of 
Place. 

Name  of 
Place. 

Name  of 
Place. 
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22 

23 

24...... 
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27 

28 

29 

30 

31 

1 

1 

*  Size  of  original  sheet,  15  by  12  in. 
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Form  16. —  The  Portland  Gold  Mining  Co. —  Timber  Bej^ort* 


Month  of 190... 


Name  of  Place. 

Name  of  Place. 
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Total.. 

Cost.... 
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Size  of  original  sheet,  14  by  14  in. 


Form  11.— The  Portland  Gold  Minivg  Co^ 

Shift-Bosses'  Distribution-Sheet.  Month  of 


190... 
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31 

Total... 

1 

Labor-cost 

Explosives 

Lumber  and  timber 

Machine-drills 

Bosses,  etc 

Hoisting 


All  otlier  expense 

Total  cost 

Tons  ore  produced , 

Per  cent,  shipped  (est. 

Average  assays 

Estimated  total  value. 


*  Size  of  original  sheet,  14  bv  8  in. 
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A  Reference-Scheme  for  Mine-W^orkings. 

BY  WILBUR  E.  SANDERS,    HELENA,  MONT. 

(Bethlehem  Meeting,  Februan,-,  1906.) 

At  some  period  during  the  operation  of  metalliferous  and 
other*  commercially  valuable  mineral-deposits  in  connection  with 
their  underground  mining,  when  the  developments  therein  have 
become  so  extensive  that  their  description  is  tedious  and  con- 
fusing, some  scheme  for  naming  or  numbering  the  various 
workings  and  their  parts  is  necessary  for  convenience  of  refer- 
ence. A  simple  and  symmetrical  yet  expansive  system  of  classi- 
fication must  be  devised,  one  that  is  capable  of  being  extended 
to  cover  all  possible  exigencies  and  conditions  of  future  opera- 
tions within  the  property. 

Such  a  scheme,  properly  arranged,  greatly  simplifies  com- 
munication between  the  various  departments  of  the  mining 
business,  as,  for  instance,  between  the  administrative  and  the 
operating  departments  of  the  concern,  and  is  of  the  greatest 
assistance  to  the  officers  of  the  mine  in  enabling  them  to  locate 
and  describe  particular  points  and  parts  of  w^orkings  and  specific 
kinds  of  work.  Again,  in  the  proper  segregation  and  difleren- 
tiation  of  mine-accounts,  when  they  are  carried  out  with  that 
detail  which  will  furnish  readv  information  concernino;  the  cost 
of  a  particular  piece  of  work,  or  the  various  items  and  totals  of 
expense  connected  with  the  development,  operation  and  repair 
of  each  or  all  of  the  mine-workings,  some  such  method  of  des- 
ignation becomes  a  necessity.  Moreover,  such  a  plan  is  ad- 
mirably adapted  to  the  needs  of  the  mining  engineer,  who,  in 
connection  with  his  reports  upon  mining-properties,  is  some- 
times required,  in  his  descriptions  of  certain  blocks  of  ore,  to 
locate  lists  of  assays  of  samples  taken  from  many  and  various 
places,  and  to  designate  workings  and  parts  of  workings  that 
are  located  in  dififerent  parts  of  the  mine,  sometimes  at  points 
wide  apart. 

To  write  out  in  full  a  sufficient  description  of  any  particular 
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locality  or  working  of  a  mine,  or  even  to  explain  the  locations 
from  which  a  lot  of  samples  have  been  taken,  would  be  far  too 
cumbersome  for  practical  purposes,  and  such  a  description 
would  lack  the  essentials  of  systematic  classification.  For  cases 
in  which  numerous  and  extensive  developments  are  involved, 
the  scheme  may  be  founded  upon  some  progressive  system  that 
will  designate  points  and  parts  of  workings  and,  by  inference, 
the  operations  that  are  being  carried  on  therein;  and,  these 
results  being  obtained,  they  should  be  capable  of  concise  ex- 
pression, stenographically,  by  symbols.  The  plan  must  be  such 
in  principle  that  it  may  be  made  to  applj^  to  all  classes  of  un- 
derground mining,  and  be  capable  of  fidfilling  all  the  require- 
ments that  future  extension  of  the  mine-workings  shall  demand 
of  it. 

For  the  purpose  of  illustration,  assume  that  the  Old  Glory 
quartz-lode  mining-claim  (Fig.  1,  plan,  and  Fig.  2,  longitudinal 
section),  contains  a  single  fissure-vein  that  outcrops  upwards 
along  the  face  of  a  hill,  and  which  is  developed  within  the  vein 
along  its  strike,  by  the  adits,  «,  of  A  and  B  tunnel-levels,  and 
the  interior  drifts,  d,  of  Nos.  1,  2,  4  and  5  levels,  together  with 
intermediate  drifts  and  workings;  the  dip  of  the  vein  being 
at  a  steep  angle  towards  the  south.  Furthermore,  the  mine  is 
developed  in  depth  by  a  main  vertical  working-shaft,  i*,  and 
two  subsidiary  inclined  shafts,  z,  the  latter  sunk  on  the  vein. 
The  levels  of  the  mine  comprise  the  adits,  a,  the  storage-junc- 
tions or  stations,  J,  at  the  junctions  of  horizontal  workings  wdth 
the  principal  inclined  and  vertical  shafts,  the  cross-cuts,  x,  run 
from  the  stations  of  the  vertical  shafts  to  intersect  the  vein  at  the 
level  of  the  different  stations,  the  drifts,  d^  run  from  such  cross- 
cuts horizontally  along  or  near  the  vein,  together  with  other 
connected  and  related  interior  workings. 

Within  the  vein,  for  purposes  of  exploitation,  ventilation  and 
communication,  and  for  the  extraction  of  ores,  other  workings 
have  been  constructed;  raises,  ?',  have  been  carried  upward 
from  the  several  drifts  and  adits  into  blocks  of  ground  over- 
head that  contain  the  ore-deposits  of  the  levels  (when  such 
bodies  are  attacked  by  overhand  stoping),  or  into  and  through 
barren  ground  for  purposes  of  ventilation;  winzes,  w,  have 
been  sunk  below  the  drifts  into  blocks  of  ground  that  contain 
the  ores  belonging  to  the  level  from  which  the  winze  is  sunk 
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when  the  deposit  is  attacked  by  underhand  stoping,  or  that 
belong  to  the  level  beneath  whenever  they  are  extracted  from 
that  level ;  stopes,  5,  have  been  opened  up  for  the  purpose  of 
winning  the  valuable  materials  from  their  places  of  deposit; 
and  chutes,  c,  have  been  built  up  in  order  to  bring  the  broken 
ores  from  the  stopes  to  the  drifts,  that  they  may  be  drawn  into 
vehicles  and  carried  thence  to  surface,  wdiile  cross-cuts,  x^  have 
been  driven  from  the  various  drifts  into  the  country-rock  to 
either  side  of  the  vein  for  the  purpose  of  prospecting  its  hang- 
ing-wall and  foot-wall  for  ore-bodies,  or  evidence  of  valuable 
minerals.  These  are  the  workings  that  are  of  general  utility 
in  carrying  out  the  processes  of  development  and  operation  of 
a  mining-property. 

Since  the  mine-maps,  drawn  to  a  desirable  scale,  are  a  suffi- 
ciently exact  reproduction  of  the  workings  of  a  mine,  it  follows 
that  a  plan  for  naming  and  numbering  such  workings  for  ref- 
erence will  begin  with  and  be  developed  from  the  maps,  and, 
for  the  sake  of  reference,  such  a  scheme  must  be  exhibited  upon 
them.  For  the  sake  of  brevity  in  description,  certain  sj-mbols, 
letters  or  figures,  are  employed  to  designate  the  various  mine 
workings,  as  follows  : — 

Passageavays. 
Horizontals : 

a.  Main  and  subsidiary  exterior  horizontal  passageways, 
as  adits  and  tunnels. 

d.  Main   and  subsidiary   interior  horizontal   longitudinal 
passageways,  as  drifts,  driveAvays,  gangways,  etc. 

;".  Storage-junctions,  stations  or  platts. 

X.  Main  and  subsidiary  interior  horizontal  transverse  pas- 
sageways, as  cross-cuts,  cross-headings,  etc. 
Inclines : 

i.  Main  and  subsidiary  inclined  shafts. 
Verticals  : 

V.  Main  and  subsidiary  vertical  shafts. 
Ways  : 

c.  Chutes,  rock-ways,  mill-holes,  etc. 

I,  Ladder-ways,  man-ways,  etc. 

r.  Raises. 

ic.  Winzes. 
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Extraction  Places. 
s.  Stopes,  stalls,  rooms,  chambers,  etc. 
b.  Backs,  breasts,  bottoms  or  sides,  in  ore. 
p.  Pillars  of  all  kinds. 

It  is  not  probable  that  the  conrse  or  strike  of  a  vein  will  lie 
exactlj'  in  a  IST-S.  or  in  an  E-W.  direction,  but  in  a  general  way 
its  strike  and  dip  must  be  taken  into  account,  and  made  use  of 
for  the  purpose  of  locating  the  relative  positions  of  the  mine- 
workings,  or  any  part  or  parcel  thereof,  with  reference  to  some 
initial  point  of  the  mine,  at  which,  properly,  our  scheme  may 
be  made  to  begin.  The  vein,  therefore,  lies  horizontally  in  an 
easterly  and  westerly  or  northerly  and  southerl}'  direction,  and 
any  particular  working  or  part  of  a  working  is  located  and 
arbitrarily  described  as  being  east  or  west  and  north  or  south 
of  our  assumed  initial  point  of  beginning,  the  datum-point  or 
0  of  the  scheme.  Direction  with  reference  to  this  0  point  is 
symbolized  by  the  initial  letter  of  the  bearing  in  capital  form, 
thus:  ]Sr.  =  North  or  northerly;  S.  =  South  or  southerly; 
E.  =  East  or  easterly,  and  W,  =  West  or  westerly. 

Similarly,  as  regards  the  elevations  of  mine-workings,  or  of 
parts  or  parcels  thereof,  being  their  vertical  measurements  above 
or  below  an  assumed  or  accepted  initial  point,  such  distances 
with  regard  to  that  point  are  symbolized  thus :  P  ^  (plus) 
above ;  M.  ^  (minus)  below. 

Any  and  all  points  of  mine-workings  are  referred,  for  pur- 
poses of  location,  to  a  system  of  base-  or  datum-planes  "  00  " 
which  are  passed  through  the  datum  or  "  0 "  point  of  the 
scheme  in  three  directions  that  are  at  right-angles  to  each 
other,  as  follows  :  a  vertical  transverse  datum-plane,  00,  passing 
through  0-point  transversely  across  or  at  right  angles  to  the 
course  or  strike  of  the  vein;  a  vertical  longitudinal  datum- 
plane,  00,  passing  through  0-point  parallel  to  the  strike  of  the 
vein;  a  horizontal  datum-plane,  00,  passed  through  0-point  at 
right  angles,  or  approximately  at  right  angles,  to  the  vertical 
datum-planes  of  the  system.  By  means  of  these  three  planes 
any  point  whatsoever,  be  it  north,  south,  east  or  west  and  above 
or  below  0  of  the  scheme,  may  be  referred  to  that  datum  (0) 
by  means  of  co-ordinate  measurements. 

For  purposes  of  measurement  and  description,  three  series 
of  planes  that  are  parallel  to  the  above  datum-planes  are  passed 
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through,  in  connectiou  with  the  workings  of  the  mine.  Those 
planes,  which  are  passed  parallel  to  the  vertical  transverse  and 
vertical  longitudinal  datum-planes,  are  established  at  intervals 
of  100  ft.,  while  those  which  are  passed  parallel  with  the  hori- 
zontal datum-plane  are  made  to  coincide  with  the  planes  of  the 
floors  of  the  difl:erent  levels  of  the  mine,  whatever  may  be  the 
vertical  interval  between  the  workings.  By  means  of  the 
datum-planes  explained  above,  and  the  three  series  of  parallel 
planes  related  to  them  and  connected  therewith,  the  rock- 
masses,  surrounding  and  enclosing  the  workings  of  the  mine, 
are  divided  and  separated  into  cubical  blocks,  any  point  or 
part  of  which  may  be  located  with  reference  to  the  enclosing 
planes,  or  to  0  by  means  of  longitudinal,  transverse  and  verti- 
cal co-ordinates. 

The  series  of  vertical  transverse  planes,  running  north  and 
south,  are  numbered  in  hundreds  of  feet,  the  distances  between 
the  difl^erent  planes  and  the  datum-plane  being  thus  symbolized, 
as  being  100,  200  et  seq.  to  the  east  and  to  the  west  of  datum- 
plane.  Similarly,  the  series  of  vertical  longitudinal  planes  run- 
ning east  and  west  are  numbered  in  hundreds  of  feet  to  repre- 
sent the  distances  north  and  south  from  the  datum-plane  of  the 
different  planes  of  the  series,  thus  100,  200  et  seq.  Since  these 
planes  are  numbered  in  hundreds  of  feet,  those  blocks  of 
ground  immediately  adjoining  datum  or  0-point  of  the  system 
would  be  0  hundred  east,  or  west,  or  north,  or  south ;  for  the 
reason  that  any  point  in  such  blocks  would  be  0  hundred  east 
or  in  other  directions  plus  the  distance  of  that  point  from  the 
0-point;  as  a  point  25  ft.  north  of  0  would  be  025,  preferably 
to  be  written  0X25,  or  similarly  0E25  if  25  ft.  eastward  from 
0.  Zero-  or  datum-block  being  thus  established  in  each  direc- 
tion with  reference  to  the  scheme  and  to  the  0-point,  other 
blocks  follow  in  sequence,  as  IN,  2]Sr,  etc.,  IE,  2E,  etc.,  IS,  2S, 
etc.,  and  IW,  2W,  etc.  By  way  of  illustration,  points  25  ft. 
from  the  beginning  of  certain  blocks  would  read  thus :  1N25 
in  block  IX^;  4E25  in  block  4E;  7S25  in  block  7S ;  12W25 
in  block  12W,  the  last  of  the  above  readings  signifying  that 
the  assumed  point  is  1,200  plus  25  ft.  west  of  0  by  the  scheme. 
By  thus  describing  and  writing  the  location  of  a  point,  its  di- 
rection or  bearing,  north,  south,  east  or  west,  or  above  or  below 
datum  or  0,  is  so  placed  that  it  will   separate   the  name   or 
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number  of  the  block  in  which  the  point  is  established,  from 
the  distance  of  that  point  within  the  block  from  the  beginning 
thereof,  as  signified  by  the  final  numerals  written  as  tens,  thus 
25,  or  05,  etc. 

The  series  of  horizontal  planes  which  are  made  to  coincide 
with  the  floor-planes  of  the  dift'erent  levels  are  symbolized  by 
the  designation  of  the  levels  themselves.  The  horizontal 
datum-plane  is  made  to  coincide  with  the  floor  of  the  main 
working-tunnel,  or  with  the  collar  of  the  main  working-shaft 
of  the  mine,  whether  the  same  is  a  vertical  or  inclined  shaft, 
this  being  doubly  the  fact  when,  as  in  the  Old  Glory  lode  as- 
sumed, the  top  of  that  shaft  coincides  with  the  floor-plane  of 
the  main-working,  A  tunnel.  Adit-tunnel  levels,  employed  for 
the  development  of  the  mine  above  the  horizontal  datum- 
plane,  are  designated  by  the  first  letters  of  the  alphabet  in 
capital  form,  as  A,  B,  etc.,  the  floor-plane  of  "  A  "  level  being 
made  to  coincide  with  the  datum-plane.  The  interior  levels 
employed  for  the  development  and  operation  of  the  mine  from 
the  horizontal  datum-plane  downward  to  the  deep  are  desig- 
nated by  the  numerals  1,  2,  3  et  seq.  in  descending  order.  Ab- 
normal intervals  between  levels  would  call  for  an  omission  from 
the  sequence  in  order  that  intermediate  levels  to  be  constructed 
in  the  future  may  properly  be  designated  in  the  scheme. 

Points  within  the  blocks  belonging  to  the  various  levels  are 
referred  to  the  planes  of  those  levels,  such  points  being  usually 
above,  though  they  may  be  below,  the  floor-planes  thereof. 
For  illustration,  assume  that  the  various  points  are  established  25 
ft.  above  (0P25)  the  floors  of  certain  levels,  within  the  stopes 
belonging  thereto,  which,  under  the  scheme,  would  be  desig- 
nated as  within  the  stopes  of,  and  above,  No.  1  level,  ls(0P25) ; 
as  within  the  stopes  of  and  above  iSTo.  5  level,  5s(0P25) ;  as 
within  the  stopes  of  and  above  B  tunnel-level,  Bs(0P25). 
Similarly,  a  point  assumed  to  be  122  ft.  above  (1P22)  the  floor 
of  a  level,  as  within  the  stopes  of  "  B  "  tunnel-level,  would  be 
designated  Bs(lP22).  Likewise,  a  point  assumed  to  be  33  ft. 
below  (0M33)  the  floor  of  a  level,  as  ISlo.  1  level,  would  be 
designated  ls(0M33). 

In  designating  points  for  reference  under  the  scheme  the 
first  symbol  to  be  employed  should  be  that  of  the  level  to 
which  a  point  properly  belongs,  as  A,  B,  etc.,  1,  2,  3  et  seq. 
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Following  the  symbol  of  the  level  comes  the  designation  of 
the  working  within  which  the  point  is  established,  as  a,  <i,j,  x, 
z,  V,  c,  I,  r,  w,  s,  etc.,  from  the  legend.  And  succeeding  the 
above  should  be  written  the  symbols  of  location  by  which  the 
point  is  located  in  space  with  reference  to  the  datum-planes  of 
the  system,  and  thereby  to  datum  or  0-poiut.  These  symbols 
of  location  should  invariably  be  written  in  order,  the  one  fixing 
the  location  of  the  point  in  a  north  and  south  direction  from 
0-point  being  first  noted,  the  one  fixing  the  location  of  the  point 
in  an  east  and  west  direction  from  0-point  being  next  noted, 
while  the  one  fixing  the  location  of  the  point  above  or  below 
the  plane  of  the  level  to  which  it  belongs  should  be  noted  last, 
each  symbol  of  location  being  enclosed  in  brackets.  In  illus- 
tration, a  point  established  105  ft.  north  of  the  longitudinal 
datum-plane,  1,111  ft.  east  of  the  transverse  datum-plane,  and 
within  the  stopes  89  ft.  above  the  floor-plane  of  A  tunnel-level, 
would  read,  As(1:N"05)  (llEll)  (0P89).  Similarly,  a  point 
1,221  ft.  south  of  the  longitudinal  datum-plane,  207  ft.  west  of 
the  transverse  datum-plane  and  within  the  stopes  25  ft.  above 
the  plane  of  No.  3  level,  would  be  designated,  3s(12S21)  (2W07) 
(0P25).  If,  instead  of  being  in  the  stopes  above  or  below  the 
plane  of  the  levels,  the  two  points  here  assumed  were  within 
the  adits  and  drift  thereof,  and  therefore  practically  at  the  floor- 
planes  of  the  levels,  the  latter  designation  might  be  discarded 
and  the  descriptions  would  then  read :  Aa(l]N'05)  (llEll),  and 
3d(12S21)  (2W07). 

Fig.  3  exhibits  in  plan  two  horizontal  or  drift-workings,  as 
driven  within  the  vein  along  the  floor-planes  of  Nos.  1  and  2 
levels,  and  shows  the  stations,  bearings  and  distances  estab- 
lished by  the  mine-surveys,  together  with  the  method  by  which 
the  points  of  intersection  of  the  various  planes  of  the  system 
with  the  workings  may  be  located  and  fixed  therein.  In  this 
exhibit,  datum  is  located  at  the  collar  of  the  vertical  main 
working-shaft,  through  which  point  are  passed  the  vertical 
transverse,  the  vertical  longitudinal,  and  the  horizontal  datum- 
planes  at  right  angles  to  each  other,  for  purposes  of  establish- 
ing and  describing  the  locations  of  points  and  parts  of  work- 
ings of  the  mine. 

In  Fig.  3  it  may  be  noted  that  the  drift  of  level  ISTo.  1  bends 
towards  the  north  to  such  a  degree  that  the  plane,  100  ft.  east  of 
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the  transverse  datum-plane,  instead  of  intersecting  the  working 
at  a  point  along  its  course  that  is  just  100  ft.  from  the  datum- 
plane  or  survey-station  No.  1,  intersects  it  rather  at  a  point  that 
is  by  survey-courses  50  +  40  ^  23  =  113  ft.  east  of  survey-sta- 
tion No.  1.  Therefore,  in  fixing  this  intersection  at  its  proper 
locus  within  the  working,  we  would  measure  eastward  from  sur- 
vey-station IE,  No.  2,  a  distance  of  23  ft.,  and  the  point  thus 
established  would  mark  the  beginning  of  block  IE,  and  should 
be  so  designated  both  within  the  working  and  upon  the  map. 
Similarly,  from  the  survey-courses,  the  point  of  intersection  of 
the  200-ft.  plane,  the  commencement  of  block  2E  of  the  sys- 
tem, with  No.  1  level,  drift  is  217  ft.  east  of  survey-station  No. 


0   10  20  SO  4ij  50  fiO  70  sO  00  100 

Fig.  3.— Old  Glory  Quartz- Lode  Mining-Claim.     Plan  of  Two 
Drift-Wokkings. 

1,  and  104  ft.  east  of  the  intersection  of  the  100-ft.  plane  with 
the  drift.  This  point  may  be  established  and  marked  within 
the  drift  by  measuring  eastward  a  distance  of  43  ft.  from  sur- 
vey-station IE,  No.  4.  The  various  points  at  which  the  divi- 
sional planes  of  the  system  intersect  the  mine-workings  being 
established  from  the  mine-surveys,  and  permanently  marked 
within  those  workings,  it  then  becomes  easily  possible  to  locate 
and  describe  any  point  within  any  particular  block  of  ground 
at  which  any  material  exists  or  any  particular  piece  of  w^ork  is 
being  carried  on,  both  upon  the  map  and  within  the  mine. 

The  location  of  raises,  man-ways,  chutes  and  other  similar 
interior  workings  may  be  established,  and  their  designations 
marked  within   the  main  longitudinal  workings;  but,  where 
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they  are  thus  marked,  certain  symbols  may  be  discarded  for 
the  sake  of  brevity,  and  only  such  as  are  essential  to  the  de- 
scription of  the  working  be  employed.  Thus,  the  raise  at 
point  Ar(0N'84)  (9W48)  of  Fig.  2  could  be  marked  within  the 
adit  as  r(9W48),  and,  indeed,  such  markings  may  be  still  fur- 
ther abbreviated  when  fixed  within  the  mine.  If  it  is  desired 
to  specify  that  this  raise  is  both  a  chute  and  a  ladderway,  then 
"  c  "  and  "  1  "  of  the  legend  may  be  added  to  its  description. 
The  designations  of  raises  carried  through  from  difi:erent  levels 
at  equal  distances  from  the  transverse  datum-plane  would  exhibit 
the  fact.  Thus  described  and  marked,  there  is  no  possibility 
of  duplicating  the  number  or  designation  of  interior  workings. 
In  the  taking  of  a  series  of  samples,  the  scheme  may  be 
made  to  describe  not  only  the  designation  of  each  sample  of 
the  series  and  its  width  as  well,  but  the  exact  location  of  the 
point  from  which  they  were  taken.  Samples  taken  from 
northward  of  the  longitudinal  datum-plane  are  numbered  and 
measured  towards  the  north,  while  those  taken  southward  of 
that  plane  are  numbered  and  measured  towards  the  south. 
One  or  more  samples  taken  from  across  the  width  of  stopes 
above  a  particular  point  of  a  drift  or  other  longitudinal  pas- 
sageway are,  for  convenience,  referred  to  that  point  of  the  pas- 
sageway with  regard  to  the  transverse  and  longitudinal  desig- 
nation thereof.  The  following  list  of  samples  assumed  on  the 
maps.  Figs.  1  and  2,  will  sufficiently  explain  the  workings  of 
the  system : — 


Designation 
of  Working. 

Location. 

Width 
of  Sample. 

of  Sample. 

Transverse 
Planes. 

Longitudinal 
Planes. 

Horizontal 
Planes. 

18 

.   A-B  Int.  Id 

nNi5^ 

(8W30) 

(8W70) 
(2W04) 
{3W.55) 

(3W55) 
(3W26 
(3AV26 
(3W26 
(3W26 
(7W20 
(3W92) 
{3W92) 
(3E30) 

5. 

19 
20 

A-B  Int.  Is            (1N15) 
Aa           (ON80) 
As           (0N80) 
As            (0N83) 
Id           (0N20) 
Id            (0N26) 
Id            (0N33) 
Is      !      (0N20j 

2-4  Int.  Id             (0S60) 
5d             (1S68) 
5x      i        nS73^ 

(0P40) 

7. 
8. 

25 
26 
42 

(0P60. 
(0P60' 

3. 
5. 
6. 

43 

7. 

44 

4. 

46 
73 

;0P50) 

12. 
5. 

93 

5, 

94 

15. 

99 

5s 

(lSo6) 

(0P50) 

6. 
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For  example,  the  last  sample  would  be  written  99-5s(lS56) 
(3E30)  (0P50)6. 

The  above  reference-scheme  for  numbering  and  naming 
points  and  parts  of  mine-workings  can  be  applied  to  the  work- 
ings of  any  and  all  other  classes  of  mineral-deposits,  with  such 
variations  in  its  details  as  may  be  necessitated  by  changes  in 
the  methods  of  developing  and  operating  such  other  deposits. 
In  flatly-dipping  veins  the  side  of  a  drift  or  other  longitudinal 
passageway  that  is  toward  the  dip  of  the  vein  may  be  made  the 
plane  of  division  between  the  various  levels  of  the  mine  and  be- 
tween the  blocks  of  ore  belonging  to  those  several  levels.  In 
mass- or  pocket-deposits  of  large  extent  and  irregular  occurrence, 
and  in  connection  with  bodies  of  ore  that  occur  in  the  form  of 
more  or  less  irregular  lenses,  the  plan  above  described  may  be 
of  the  greatest  advantage  in  blocking-out  the  ores  for  purposes 
of  description  and  localization ;  and  it  may  be  employed  with 
great  benefit  in  connection  with  the  mapping  of  square-setted 
stopes.  In  the  development  of  such  bodies,  and  in  operations 
connected  with  the  winning  of  the  valuable  mineral  products 
thereof  from  their  places  of  deposit,  for  the  sake  of  simplicity 
the  various  transverse  and  longitudinal  horizontal  passageways, 
or  those  which  in  the  scheme  under  such  conditions  are  arbi- 
trarily assumed  to  be  transverse  or  longitudinal  workings, 
might  well  be  made  to  coincide  with  the  series  of  transverse 
and  longitudinal  planes  which  we  have  explained  above. 
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The  Geology  and  Petrography  of  the  Goldfield  Mining- 
District,   Nevada. 

BY  JOHN  B.  HASTINGS,  DENVER,  COLO..  AND  CHARLES  P.  BERKEY, 
NEW  YORK.  N.  Y. 

(Bethlehem  Meeting,  Februarj-,  1906.) 

I.  Geology.* 

The  reconnaissance  of  the  Goldfield  mining-district,  described 
in  this  paper,  was  made  in  May  and  June,  1905,  and,  though 
this  time  was  too  short  for  a  complete  report,  the  work  accom- 
plished may  serve  as  a  basis  for  more  thorough  future  research. 
Dr.  Berkey  has  examined  the  rocks  collected  by  me,  and  I 
am  using  his  classifications.  As  a  result  of  further  field-work, 
and  Dr.  Berkey's  examination  of  the  rocks,  this  paper  is  an 
elaboration  and  correction  of  my  views  expressed  in  the  Gold- 
field  Sun,  May  12,  1905.  The  sketch-map,  Fig.  1,  illustrates 
the  geology  of  the  Goldfield  mining-district. 

Goldfield  is  an  eruptive  complex,  consisting  of  alaskite  (bi- 
nary granite),  hornblende-andesite,  hornblende-dacite,  rhyolite, 
pyroxene-andesite,  pyroxene-dacite  (sometimes  containing  a 
small  quantity  of  olivine),  quartz-felsite,  olivine-pyroxene-ande- 
site,  and  basalt.  Considering  this  list  to  be  arranged  in  the 
order  of  eruption,  the  age-sequence  of  the  rocks  conforms  to 
Richthofen's  law,  formulated  in  1868.  From  his  observations 
in  Europe  and  America,  propylite,  andesite,  trachyte,  rhyolite 
and  basalt,  occurring  together,  succeed  one  another.  In  a  gen- 
eral way,  the  medium  and  the  more  acidic  rocks  precede  the 
most  basic — a  result  supposed  by  some  to  have  arisen  from 
their  position  beneath  the  surface,  and  due  to  a  rude  stratifica- 
tion by  gravity  in  the  original  cooling  magma  during  the  older 
history  of  the  earth,  or  to  the  same  dift'erentiation  occurring 
during  a  quiescent  (molten?)  period  preceding  eruption,  being 
aided  by  the  ease  with  which  acidic  rocks,  mixed  with  water 
vapors,  become  fusible.     In  eflect,  the  more  basic  and  less  re- 
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fractory  rocks,  from  a  smelting-standpoint,  really  seem  to  need 
a  higher  heat,  or  at  least  a  more  prolonged  action,  to  bring 
them  to  the  surface. 

The  observed  occurrences  of  other  rocks  comprise :  two  in- 
clusions of  sedimentaries  (indurated  slates  or  shales,  between 
alaskite  and  rhyolite)  on  Columbia  and  Vindicator  mountains; 
a  few  very  small  areas  of  stratified  tuffs,  on  the  Tonopah  Club 
and  Desert  Rose  claims ;  a  large  body  of  tuff"  in  Sections  4  and 
33,  and,  possibly,  in  other  areas  of  the  altered  zone,  extending 
from  Sections  3  to  36. 

The  ore-bodies  occur  in  the  hornblende-dacite  and  andesite 
of  Knickerbocker  mountain,  in  the  rhyolite  of  Columbia  and 
Vindicator  mountains,  and  in  pyroxene-andesite  at  the  Quartz- 
ite  mine.  The  whole  area  shows  abundant  remains  of  solfatar- 
ism,  except  in  the  rhyolite  of  Myers  mountain,  and  the  later 
pyroxene-andesite,  olivine-andesite,  pyroxene-dacite,  felsite  and 
basalt. 

There  is  extreme  silicification  of  the  andesite,  dacite  and 
rhyolite  along  fractures  generally  northerly  and  southerly,  but 
also  easterly  and  westerly,  forming  reefs  from  2  to  40  ft.  wide, 
and,  in  thfe  aggregate,  possibly  40  miles  long.  These  zones 
contain  a  vast  quantity  of  material  resembling  hard  sugar- 
quartz,  but  everyw^here  interspersed  with  a  greater  quantity  of 
the  original  rock,  still  dimly  showing  its  porphyritic  character. 
Silicification,  less  intense,  has  occurred  over  large  undefined 
areas. 

The  silicified  reefs  are  usually  barren,  but  the  rich  shipping- 
ores  have  been  found  intimately  associated  with  them.  My 
knowledge  is  insufficient  to  enable  me  to  say  much  of  the  ore- 
deposits.  In  the  Florence,  Quartzite,  and  January  mines,  and 
in  portions  of  the  Combination  mine,  it  appears  as  if  the  areas 
opened  were  on  primary  rich  vein-fissures,  which  are  rather 
small,  except  where  they  have  been  enriched. 

In  the  Sandstorm  mine,  the  rich  ore  follows  a  pre-existing 
northerly  and  southerly  siliceous  reef,  along  which  the  ore  oc- 
curs at  intersections  of  easterly  and  westerly  fissures.  While 
distinct  brecciation  was  not  observable  at  the  crossings,  in  one 
instance  the  reef  was  faulted  a  distance  of  6  ft.  by  the  later 
fissure.  The  main  ore-bodies  were  in  the  siliceous  reef,  the  di- 
minishing values  extending  for  25  ft.  along  the  cross-fissures. 
The  enclosing  rock  is  rhyolite. 


Fig.  1. — Geological  Sketch-Map  of 
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The  Florence,  Combination,  and  January  veins,  in  the  south- 
erly area,  striking  'NW.  and  dipping  east,  are  crossed  by  other 
simultaneously  mineralized  fissures,  striking  NE.  and  dipping 
NW.,  into  which  the  ore  is  deflected.  The  northwest  Assuring 
continues,  and  the  ore  in  the  cross-fissures  may  follow  them  only 
for  a  certain  extent,  to  be  picked  up  again  later  in  the  parent 
fissures.     The  enclosing  rock  is  dacite. 

The  Quartzite  mine  is  the  representative  fissure  in  the  north- 
ern end  of  the  district.  The  vein  strikes  N.  20°  W.,  dips  west- 
erly, and  is  about  5  ft.  wide  as  stoped.  A  characteristic  piece 
of  the  enclosing  rock  from  the  dump  was  pyroxene-andesite, 
having  the  same  blue  color  and  appearance  as  the  southern 
mineral-bearing  dacite,  but  lacked  the  quartzes.  The  brown- 
ish pyroxene-andesite,  west  of  the  quartzite,  in  Sections  19  and 
24,  is  later  than  the  silicified  zones,  peaks  of  the  latter,  too  small 
to  be  mapped,  outcropping  like  islands  in  the  andesite-flow. 

In  the  Florence,  Combination  and  Quartzite,  there  are  cross- 
fissures  younger  than  the  mineralization,  which  have  faulted 
the  veins,  and  this  may  be  generally  expected  from  the  more 
recent  vulcanism. 

The  tufls  on  the  Tonopah  Club  and  Desert  Rose,  cursorily 
alluded  to  above,  are  in  shallow  detached  bodies,  occurring  as 
shaly  deposits  on  the  present  surface,  and  surviving  onl}-  in  a 
few  depressions.  At  the  Tonopah  Club  mine  several  of  these 
small  deposits,  from  2  to  10  ft.  deep,  are  crossed  by  the  vein- 
fissure,  with  a  slight  faulting.  The  horizontal  tufts,  with  bed- 
ding-planes at  right  angles  to  the  fissure,  have  been  permeated 
and  mineralized  by  the  ascending  solutions. 

Since  the  beginning  of  the  last  century,  attention  has  been 
called  to  the  large  amount  of  water  and  its  vapor  accompany- 
ing vulcanism ;  also  to  the  fact  that,  after  the  cessation  of  rock- 
extrusion,  hot  waters  still  make  a  way  to  the  surface,  though 
forced  from  the  body  of  the  inactive  eruptive  to  its  contact 
with  neighboring  rocks  and  other  lines  of  least  resistance,  such 
as  faults,  fractures  and  permeable  limestones,  etc.  These 
waters,  saline  or  vadose,  were  supposed  to  reach  the  volcanic 
rocks  from  the  sea  or  from  the  earth's  surface.  It  has  been 
generally  considered  that,  by  gravity  and  capillarity,  the  waters 
would  descend  to  the  molten  areas  through  saturated  fissures 
and  rocks,  which,  in  turn,  seemed  to  afford  an  easy  passage  to 
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the  surface.  On  the  other  hand,  some  observers  proclaim  it 
impossible  for  water  to  travel  against  the  pressure  of  vapors 
which  would  be  created  in  rocks  surrounding  the  deep  scene 
of  volcanic  action. 

It  has  been  pointed  out  that  but  little  capillary  or  other  water 
is  found  in  deep  mines.  In  discussions  on  this  subject  I  do  not 
remember  to  have  seen  mentioned  that  fissures,  later  than  the 
veins,  now  carry  the  surface-water.  It  is  usual,  in  mining,  to 
find  the  veins  dry,  and  some  cross-fissures  flooded.  Mine  after 
mine  has  been  cited  as  dry  in  its  lower  levels,  and  even  the 
Eand  mines  are  said  to  be  making  very  little  new  water. 
Apart  from  local  unfitness,  I  should  imagine  the  center  of  such 
a  synclinal  as  the  Rand  to  be  an  ideal  spot  for  artesian  water. 
However,  the  chief  fact  seems  to  remain  in  prominence, 
namely,  that  there  is  much  less  water  in  underground  circula- 
tion than  was  formerly  supposed. 

The  most  recent  theory  predicates  the  great  central  mass  of 
the  earth,  beginning  190  miles  below  the  surface  (equaling 
0.975  of  its  whole  bulk),  to  be  a  core  of  compressed  gases,  simi- 
lar to  the  sun's  central  nucleus ;  only,  in  the  case  of  the  earth, 
which  has  four  times  the  density  of  the  sun,  these  gases,  on  ac- 
count of  their  specific  gravity  and  resistance  to  deformation, 
must  be  nearly  as  heavy  and  as  rigid  as  steel.  As  an  adden- 
dum to  this  premise,  water  of  volcanoes  is  then  presumptively 
evolved  from  these  gases,  and  escapes  during  a  slight  relief  from 
the  pressure  which  accompanies  igneous  phenomena. 

Whatever  may  be  the  origin  of  volcanic  waters  and  associ- 
ated vapors  and  gases,  their  passage  upwards,  under  great  heat 
and  pressure,  thoroughly  permeating  large  bodies  of  molten 
eruptives,  would  furnish  the  most  ideal  solvent  in  the  best 
source  of  supply  imaginable. 

There  is  no  proper  drainage-system  in  Nevada.  None  of  the 
rivers  reach  the  ocean ;  all  sink,  either  in  the  channel  itself 
or  in  the  lakes  of  the  great  valleys.  Probably  an  important 
migration  of  vadose  water  progresses  underground,  Avhich,  in 
the  past,  has  been  interrupted  by  newly-formed  volcanic  necks. 
These  waters  became  heated,  joined  magmatic  waters,  and  rose 
to  the  surface ;  hence,  as  the  rocks  cooled  and  magmatic  waters 
ceased,  the  springs  dried  up.  Since  there  has  been  a  succession 
of  eruptive  actions  in  Goldfield,  there  has  also  been  one  of 
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solfataric  processes.  Perhaps  more  than  ordinarily,  the  Gold- 
field  deposits  suggest  the  derivation  of  the  ores  from  ascending 
hot  magmatic  and  vadose  waters. 

II.  Topography.* 

The  Goldfield  district  has  the  erratic  topography  of  a  recent 
volcanic  area,  modified  but  slightly  by  erosion,  the  sili.cified 
portions  forming  small  peaks  by  their  resistance  to  the  ele- 
ments. 

Columbia  mountain,  while  composed  largely  on  its  south 
end  of  alaskite,  as  shown  by  the  Columbia  Mountain  tunnel, 
is  a  rhyolitic  neck;  Vindicator  mountain  also  is  a  rhyolitic 
neck. 

Banner  mountain,  which  may  also  be  a  volcanic  peak,  is  pos- 
sibly the  product  of  erosion,  since  the  summit  is  a  mass  of  hard 
silicified  andesite,  and  the  surrounding  basal  plain  a  soft  ande- 
site  and  dacite. 

Knickerbocker  mountain  is  a  great  volcanic  cone,  from  which 
the  dacites  have  flowed  northwesterly  and  easterly,  partly  cov- 
ering the  older  hornblende-andesite. 

Table  mountain  in  Section  9,  on  which  the  Black  Cap  group 
and  the  Juno  tunnel-site  are  located,  is  a  basaltic  neck,  with  a 
later  flow  of  pyroxene-andesite,  the  hard  andesite  protecting 
the  soft,  underlying,  altered  dacite,  which  forms  a  ring  around 
the  protruding  cone. 

In  Sections  12,  13  and  14  is  another  table-mountain  pro- 
tected by  dacite  and  basalt,  the  two  efiiisions  exposed  side 
by  side. 

Myers  mountain,  another  volcanic  neck,  at  first  extruded 
rhyolite,  in  Section  7.  This  rhyolite  is  more  basic  than  rhyo- 
lites  of  Columbia  and  Vindicator  mountains,  and  macroscopi- 
cally  different  from  them.  Olivine-pyroxene-andesite  (Section 
12)  followed  the  rhyolite,  then  pyroxene-andesite  (Section  1), 
and,  finally,  basalt  (Section  12),  now  crowning  the  summit. 

The  Malapais  mesa,  west  of  Goldfield,  extending  4  miles 
northerly  and  4  miles  southerly,  and  as  much  as  4  miles  wide, 
is  a  marked  example  of  a  table-mountain  protected  by  a  hard 
cap.     Here  lake-beds  and  tuffs  were  covered  with  a  thin  bed 

*  By  John  B.  Hastings. 
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(from  10  to  50  ft.)  of  quartz-felsite ;  the  felsite  itself  was  cov- 
ered soon  after  by  a  similar  sheet  of  olivine-pyroxene-andesite. 

The  pink  felsite  and  black  andesite  are  in  marked  contrast ; 
the  former  is  a  line  example  of  igneo-aqueous  fusion,  with 
steam  vesicles  up  to  a  diameter  of  5  ft. ;  it  may  have  been  an 
underwater  flow.  The  andesite  is  comparatively  solid.  These 
rocks  seem  like  rivals,  and  one  is  struck  with  the  tenacity 
with  which  the  darker  basic  rock  has  so  completely  covered 
the  lighter  acidic  rock.  The  depths  of  the  flows  difter,  but 
not  much,  one  from  another;  the  edges  are  exposed  for  many 
miles  on  top  of  the  bluft'. 

A  somewhat  interesting  duplication  occurs  in  Section  11,  on 
the  south  end  of  the  Wild  Horse  claim,  which,  at  first,  seemed 
suggestive  of  a  downward  faulting  on  the  mesa-scarp.     This 

~  ~\^^     A       Olivine  pyroxene-andesite,  upper  flow  on  Mesa,  IC  ft.spec.  Nc.  10 

^^  j__2-^_^_^3ri^i®^>v^    X>  Quartz-Felsite,   lower  (low  on  Mesa,    10  ft.  spec.  Xcs.  31-132 

~"  .•!;.;r;.-/.;.v^?>s^     C  Tuff  10  ft. 

^;^;;;;^p£^-r^^^^^p;^Sbb.        D  stratified  beds  of  gravel   etc.,  20  ft. 

^^^^^^^^^^^^gj.        E         Olivine-pyroxene-andesite,    30  ft.  spec.  Xos.  111-112 

Augite-dacite,  60  ft. 


F 


spec.  Xcs.  52-56 


Fig.  2. — Idealized  Geological  Section  on  the  South  End  of  White 
Horse  Claim,  Sec.  11 

occurrence  is  explained  by  Fig.  2.  The  augite-dacite,  jP,  has 
a  slight  superficial  resemblance  to  the  felsite,  B,  and  the  oli- 
vine-pyroxene-andesite, E,  to  the  olivine-pyroxene-andesite,  A. 
This  last  rock  preserves  for  miles  its  marked  characteristics, 
perhaps  the  most  noticeable  being  the  iron-stained  olivines. 
I  could  not  determine  whether  E  and  F  emanated  southerly 
from  under  the  mesa ;  they  disappeared  northerly  under  the 
wash.  Perhaps  the  olivine-pyroxene-augite  occurring  in  the 
wells  of  the  Goldfield  Brewery  and  Los  Angeles  Co.  is  con- 
nected with  E.  There  is  another  nearby  outcrop  of  olivine- 
pyroxene-andesite,  a  ^ne-grained  rock,  between  the  Water 
Tank  butte  and  Mesa  (Section  2).  The  dacite,  F,  is  traceable 
in  detached  areas  to  and  beyond  the  summit  in  Section  14,  and 
east  of  the  Lida  road. 
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The  mountains  in  Sections  27  and  34,  on  the  east  boundary 
of  the  district,  are  composed  of  a  coarse  typical  andesite  with 
quartz  phenocrysts, — that  is,  hornblende-dacite  much  younger 
than  the  dacites  of  Knickerbocker  mountain. 

Mapped  with  the  dacites  of  Knickerbocker  mountain  are 
fine-grained  altered  areas,  the  composition  of  which  I  was  un- 
able to  determine. 

III.  Petrography.* 

The  chief  object  of  the  microscopic  study  of  the  specimens 
of  rock,  gathered  by  Mr.  Hastings,  has  been  to  identify  them 
and  suggest  relationships  as  an  aid  to  field-mapping,  and  the 
interpretation  of  geological  structure.  At  the  same  time,  the 
characteristic  secondary  changes  in  the  rocks,  and  the  relation- 
ships of  these  to  the  ores,  have  been  constantly  in  mind,  with 
a  view  to  their  bearing  upon  the  genesis  of  the  ore-deposits  of 
the  district.  Mr.  Hastings,  in  the  first  part  of  this  paper,  has 
given  the  field-relationships,  and  makes  the  appropriate  appli- 
cations of  such  suggestions  as  a  microscopic  study  of  the  rocks 
seems  to  warrant.  On  account  of  the  interest  felt  in  the  dis- 
trict, and  the  rather  unusual  series  of  rocks  represented  at 
Goldfield,  it  seems  advisable  to  add  more  detailed  notes  on  the 
petrography  of  the  area.  The  only  notes  published,  so  far  as 
I  know,  are  those  of  Mr.  J.  E.  Spurr.^  For  the  material  and 
permission  to  use  it  in  this  way,  I  am  indebted  to  Mr  Hastings. 

The  specimens  of  rock  and  ore  have  been  collected  in  a  sys- 
tematic study  of  the  Goldfield  district  and  vicinit}'.  A  greater 
part  of  these  specimens  necessarily  represents  the  more  ob- 
scure or  less  easily  identified  of  the  outcrops,  together  with  the 
more  complex  structural  areas.  Altogether,  however,  the  set 
must  represent  quite  fully  the  range  of  rock-types  of  the  dis- 
trict; and  the  comparative  number  of  specimens  in  each  type 
must  indicate  roughly  their  relative  importance  either  areally, 
structurally,  or  economically. 

The  list  of  rock-types^  includes, — (1),  felsites,  rhyolites,  tra- 

*  By  Charles  P.  Berkey. 

1  Bull&in  Nu.  260,  U.  S.  Geological  Surrey,  p.  133  (1905).  Bullelin  No.  225, 
U.  S.  Geological  Survey,  pp.  118-119  (1903). 

^  A  similarity  to  the  rocks  of  Tonopali,  Nevada,  is  readily  noted.  The  chief 
types  described  by  Spurr  for  that  area  are  :  rhyolite,  andesite,  and  dacite.  Bulle- 
tin No.  219,  U.  S.  Geological  Survey,  p.  12-15  (1903).  Professional  Paper  No.  42, 
U.  S.  Geological  Survey,  p.  30-71  (1905). 
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chy-anclesites,  dacites,  andesites,  and  basalts,  representing  fel- 
sitic  and  porphyritic  varieties;  (2),  a  granite  as  the  only  grani- 
toid variety,  except  two  or  three  cases  of  granular  holocrystal- 
line  andesites  and  basalts  that  may,  with  equal  propriety, 
be  classitied  as  diorite  and  dolerite,  so  far  as  this  examination 
goes ;  (3),  rhyolitic,  dacitic,  and  andesitic  tiitfs  among  the  py- 
roclastics;  and  (4),  a  carbonaceous  quartz-slate  as  a  representa- 
tive of  hydroclastics. 

Andesites,  the  dominant  type,  include  78  specimens,  or  more 
than  half  of  the  total  number.  iSText,  numerically,  is  dacite, 
of  which  there  are  21  specimens.  Then  follow  the  rhyolites 
to  the  number  of  eight  specimens,  and,  finally,  basalt,  as  which 
only  three  in  the  original  identification  list  were  classed,  although 
there  are  five  more,  included  with  the  andesites,  that  carry  so 
much  olivine  and  are  of  such  strong  basic  affinities  that  they 
could,  with  equal  reason,  be  included  with  the  basalts.  N^o  other 
tj'pe  occurs  in  large  numbers  of  specimens. 

Silicified,  indurated  rocks  include  the  specimens  of  ores  and 
several  others,  and  are  treated  separately. 

In  the  following  list  the  numbers  of  the  specimen  corres- 
pond to  the  numbers  on  the  map.  Fig.  1,  and  are  the  serial 
numbers  preserved  with  them  and  the  corresponding  thin  sec- 
tions in  the  petrographic  laboratory  of  Columbia  University, 
New  York,  X.  Y.,  and  by  Mr.  Hastings  at  Denver,  Colo. 

Granite  (Xo.  1).  The  rock  is  very  coarse-grained,  with  an 
unusually  large  amount  of  quartz,  which  carries  numerous  in- 
clusions, largely  in  trains,  some  passing  from  one  grain  to  an- 
other. Cracks  also  extend  across  in  a  similar  manner,  show- 
ing, on  the  whole,  considerable  crushing  and  recementing. 
The  rock  has  no  other  gneissic  characters.  Orthoclase  is 
abundant  and  uniformly  clouded  with  kaolin-alteration,  mak- 
ing it  nearly  opaque.  There  is  a  little  albite.  Iron  oxide, 
hematite,  gives  a  brown  stain  in  a  few  spots.  No  identifiable 
dark  mineral  is  seen  in  the  slide.  The  rock  is  an  exceptionally 
acid  variety  of  granite,  and  is  a  fair  representative  of  the  alas- 
kite  of  Spurr. 

Rhyolite  (Nos.  62  to  68).  Most  of  these  rocks  show  a  char- 
acteristic flowage-structure,  and  a  spherulitic  or  mottled,  devi- 
trified  ground-mass.  Quartz  is  abundant,  both  in  the  ground- 
mass  and  in  rounded  or  angular  phenocrysts,  sometimes  giving 
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a  decided  porphyritic  aspect.  Resorption  of  the  phenocrysts  is 
marked.  Biotite  is  the  chief  dark  mineral,  Orthoclase  pre- 
dominates over  phigioclase.  Magnetite  is  abundant  in  one  or 
two  specimens.  The  dark  minerals  are  not  conspicuous.  Scapo- 
lite  is  developed  to  a  considerable  extent  in  three  specimens, 
taking,  in  part,  the  place  of  original  feldspars.  A  mottling  of 
the  rock,  due  to  silicification,  is  also  noticeable.  No  attempt 
has  been  made  to  indicate  the  field-relationships  or  the  historj^ 
by  a  differentiation  into  rhyolites  and  quartz-porphyries. 

Felsite  (Nos.  129,  130).  There  are  two  rocks  of  acid  char- 
acter, with  glassy  and  devitrified  ground-mass,  showing  flow- 
age,  that  are  called  felsites,  chiefly  because  of  inability  to  de- 
cide whether  rhyolitic  or  dacitic  aflinities  prevail.  Quartz  is 
the  only  abundant  determinable  mineral,  although  both  ortho- 
clase and  a  plagioclase  are  present.  Biotite  and  pyroxene  are 
also  present.  The  two  rocks  are  not  alike,  however,  and  evi- 
dently do  not  belong  to  the  same  flow.  They  are  regarded  as 
a  sub-type  between  the  characteristic  rhyolites  of  the  district 
and  the  dacites  proper,  both  of  which  are  well  recognized. 

Dacite  (j^os.  27  to  61).  This  group  shows  considerable  varia- 
tion. There  are  no  less  than  eight  sub-varieties  or  sub-groups, 
based  upon  minor  specific  diflerences  among  them,  as  seen  in 
the  microscope.  One  specimen,  at  least,  has  about  an  equal 
claim  to  classification  with  the  rh3'olites,  and  from  this  they 
represent  many  different  mixtures  and  proportions  to  the  other 
extreme,  where  one  specimen  of  decidedly  basic  character,  and 
in  which  olivine  and  augite  are  prominent  constituents,  can, 
with  even  better  propriety,  be  placed  with  the  quartz-basalts. 
The  ground-mass  of  these  rocks  is  either  glassy  to  felsitic,  or 
spherulitic  and  mottled,  or  pilitic.  Flowage  is  a  prevailing 
structure,  specially  marked  in  those  of  pilitic  habit,  and  is 
well-developed  even  in  the  more  crystalline  varieties.  Nearly 
all  are  porphyritic,  although  the  phenocrysts  are  mostly  very 
small,  or,  at  best,  inconspicuous,  except  as  seen  in  thin  section. 
Plagioclase  is  abundant  as  phenocrysts.  The  medium  types  all 
carry  biotite  in  considerable  amount  as  the  chief  dark  constitu- 
ent (Nos.  28,  29,  30).  Hornblende  is  present  with  biotite,  and 
in  Nos.  31,  32,  41,  42  and  85  it  becomes  the  chief  ferro-magne- 
sian  constituent,  and  is  developed  in  fine  idiomorphic  individu- 
als.    Most  of  those,  low  in  biotite  and  hornblende,  carry  aug- 
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ite,  showing  the  same  range  as  is  seen  in  the  group  of  andesites 
proper,  and  the  extreme  in  this  direction  is  reached  in  the  speci- 
mens before  noted,  in  which  olivine  also  appears.  Therefore, 
as  outlined  above,  the  series,  in  which  quartz  is  a  prominent 
constituent,  exhibits  the  complete  range  from  rhyolite  and 
quartz-felsite,  through  mica-dacites,  hornblende-dacites,  augite- 
dacites,  to  quartz-basalts. 

TracJiy-Andesite  (3  specimens).  There  are  no  true  trachytes. 
One  specimen  in  particular  (No.  94),  and  two  others  to  less 
marked  degree,  are  decidedly  more  acid  than  the  average  ande- 
site,  and  have  a  trachitoid  structure.  The  relative  abundance 
of  the  difterent  feldspars  is  in  question.  But  the  relative  po- 
sition of  these  rocks,  among  the  others  of  the  whole  series,  is 
best  indicated  by  the  above  name. 

Andesites  (78  specimens,  subdivided  below).  The  andesitic 
rocks  are  in  greatest  number,  surpassing  all  other  types  com- 
bined, and  exhibiting  the  greatest  number  of  minor  differences 
among  themselves,  which  indicate  separable  structural  field- 
units  of  flows,  sheets  or  dikes.  The  more  basic  varieties  are 
the  most  perfectly  preserved  rocks  of  the  district.  The  large 
number  involved,  and  the  evident  importance  of  the  group, 
make  it  advisable  to  subdivide  into  specific  mineralogical 
varieties.  Porphyritic  development  is  prevalent,  though  often 
on  a  microscopic  scale.  Those  most  notable  are  referred  to  in 
the  geology  of  the  district  as  andesite-porphyries.  In  the  pres- 
ent discussion,  however,  these  textural  variations  are  largely 
ignored  in  the  eftbrt  to  indicate  the  mineralogical  relation- 
ships. The}'  cover  the  entire  range  from  trachy-andesites  to 
the  basalts  proper. 

(a)  Mica-Andesite  (3  specimens).  Biotite  is  the  chief  ferro- 
magnesian  mineral.  Hornblende  is  either  negligible  or  is  pre- 
sent in  subordinate  amount.  Chlorite  is  a  common  secondary 
(ISTos.  3,  4,  17).  In  several  much  altered  specimens  the  ferro- 
magnesian  mineral  is  destroyed.  Some  of  them  probably  be- 
long in  this  group. 

(b)  Hornblende-Andesite  (11  specimens).  Hornblende  is  the 
chief  dark  mineral  (ISTos.  5,  19,  20,  26),  occurring  abundantly 
as  phenocrysts  with  resorbed  borders,  and  frequently  attacked 
by  chloritic  alteration.  Plagioclase  is,  however,  the  chief  idio- 
morphic  mineral,  sometimes  showing  exceptional  zonal  growth 
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and  giving  a  marked  porphyritic  texture  (Kos.  20, 19).  Biotite 
is  usually  present  in  minor  amount.  The  ground-mass  is  mot- 
tled or  exceedingly  fine  felsitie  or  pilitic  in  texture.  Occa- 
sionally, there  is  excessive  alteration  and  induration  of  the 
whole  rock  (No.  45),  and  the  structure  and  appearance  of  the 
product  is  precisely  the  same  as  specimens  of  ore.  Iron  oxide 
and  calcite  are  common  secondary  products.  One  rock  included 
here  is  heavily  impregnated  with  iron  oxide  in  small  grains  or 
specks  that  are  so  persistent  and  uniformly  distributed  as  to 
suggest  simple  oxidation  of  a  pyrite-rock.  It  is  otherwise  also 
much  modified  in  composition  by  the  usual  weathering  prod- 
ucts, so  that  nothing  but  these  and  a  few  structural  outlines  re- 
main to  indicate  its  relationships  (No.  23).  The  group,  in  part, 
includes  rocks  that  carry  little  dark  mineral  and  are  of  acid 
character.  A  great  number  are  of  medium  andesitic  compo- 
sition. 

(c)  Pyroxene-Andesite  (augite-andesite),  (41  specimens).  By 
far  the  greater  number  of  andesites  carry  pyroxene.  Common 
augite  is  the  prevailing  species.  There  are  41  pieces  of  this 
class,  exclusive  of  those  carrying  olivine  also,  which  are  dis- 
cussed separately ;  14  specimens  have  little  pyroxene,  or,  in- 
deed, any  other  ferro-magnesian  constituent.  A  few  of  them 
are  among  the  most  acid  of  the  andesite  group.  As  a  rule, 
they  have  a  fine  pilitic  ground-mass ;  they  usually  show  flow- 
age,  and  a  porphyritic  texture  prevails.  Resorption  of  the 
phenocrysts  and  zonal  growth  are  almost  constant  characters ; 
18  have  a  tracliytoid  structure,  with  chiefly  lath  plagioclase  in- 
stead of  orthoclase  in  the  ground-mass ;  four  (ISTos.  88,  86, 
83,  76)  have  biotite,  in  addition  to  augite,  as  a  dark  constituent. 
Hornblende  is  the  additional  basic  mineral  in  eight  pieces, 
though  it  is  abundant  in  only  two  (!N'os.  16  and  85),  and  there 
is  an  occasional  grain  in  many  others;  four  are  strongly  por- 
phyritic, giving  a  strikingly  granular  aspect  to  the  ground-mass, 
which,  with  higher  magnification,  exhibits  multitudes  of  stout 
pyroxene  rods.  This  variety  is  also  the  extreme  in  basicity  of 
the  simple  pyroxene-andesite  group  (iSTos.  72,  73,  74).  Two 
specimens  (jN'os.  87  and  24)  have  a  dense,  stony,  perhaps  de- 
vitrified,  ground-mass,  giving  a  distinct  structural  variety. 
One  (No.  98)  has  zonal  growth  of  the  feldspars  and  pyroxenes 
developed   to    an    extraordinary  degree — some  of  them    also 
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marking  resorption  stages.  One  specimen  (iSTo.  12)  is  dis- 
tinctly fragmental  in  its  larger  units,  but  is  considered  a  flow- 
age  breccia  rather  than  a  tufi".  As  a  group,  the  augite-andesites 
are  of  great  variety  in  minor  characters,  and  represent  numer- 
ous difi'erent  field-units. 

(d)  Hypersthene-Andesites.  In  three  specimens  hypersthene 
occurs  as  an  essential  constituent,  in  addition  to  augite  and 
some  hornblende  (Nos.  92,  100,  105).  They  are  not  all  of  the 
same  structural  type. 

(e)  Olivine-Bearing  Pyroxene-Andesite  (20  specimens).  This 
whole  sub-group  carries  olivine  in  addition  to  augite.  With 
rare  exceptions,  hornblende  and  biotite  are  absent.  The  set  of 
specimens  here  classified  ranges  from  four  specimens  showing 
very  little  olivine  to  an  equal  number  at  the  other  extreme,  where 
olivine  becomes  the  chief  basic  constituent,  and  the  general 
basic  composition  so  nearly  balances  the  feldspathic  component 
that  they  may,  with  equal  propriety,  be  included  with  the  ba- 
salts. In  a  large  majority  of  these  cases,  however,  the  light- 
colored,  leucocratic  minerals  are  in  excess  of  the  melanocratics. 
The  type  is,  therefore,  of  considerable  abundance  in  the  dis- 
trict. Labradorite  is  the  abundant  feldspar,  but  anorthite  ap- 
pears in  the  most  basic.  Three  specimens  show  a  tendency 
to  diabasic  structure.  One  (No.  116)  is  also  rather  coarse- 
grained for  this  group,  and  therefore  has  dolerite  or  diabase 
affinities  (No.  125).  These  rocks  are,  for  the  most  part,  strongly 
porphyritic.  They  are  not  so  prominently  modified  by  altera- 
tion as  many  of  the  more  acid  groups.  They  are  not  indurated, 
and  in  a  large  number  the  olivines  are  still  very  fresh.  Two 
of  the  specimens  have  a  notably  granular  ground-mass  (No. 
113),  due  to  pyroxene  of  the  second  generation.  A  fine  pilitic 
or  trachytoid  ground-mass  is  more  common.  One  (No.  127) 
shows  marked  flowage-structure  and  zonal  growth  of  the 
phenocrysts  to  an  unusual  degree — 16  stages  appearing  on  one 
feldspar.  All  of  the  constituents  occur  as  phenocrysts.  Mag- 
netite is  very  abundant  in  some  cases. 

Quartz-Basalt. — One  of  the  most  basic  of  the  above  series 
(No.  115)  carries  quartz  phenocrysts  as  prominent  constituents. 
Olivine  is  plentiful  and  augite  is  very  abundant, — both  together 
at  least  equalling  the  feldspars  in  the  rock.  The  quartz  occurs 
in  large  grains,  showing  resorption,  and  surrounded  l)y  a  mass 
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of  granules  and  columns  of  augite  resembling  the  Lassen's 
Peak  quartz-basalt,  described  by  Diller.  The  rock  forms  the 
basic  limit  of  the  quartz-bearing  porphyries  of  the  district, 
already  mentioned  under  the  dacites. 

Basalt  (3  specimens). — All  are  olivine  basalts  of  the  same 
general  character  as  the  mo'st  basic  described  under  the  olivine- 
bearing  pyroxene-andesites  above.  These  are  still  more  basic 
(Nos.  122,  123,  124).  Olivine  occurs  in  the  ground-mass  and 
as  phenocrysts.  Much  of  the  augite  is  granular  or  micro-idio- 
morphic  in  the  ground-mass.  In  relative  abundance  the  con- 
stituents are  augite,  plagioclase,  olivine,  magnetite.  The  rocks, 
which  form  the  basic  end  of  the  series  at  Goldfield,  are  fresh, 
the  olivines  showing  staining  only  along  the  cracks. 

Alteration-  Varieties. — A  few  of  the  specimens  show  unusual 
or  exceptionally  complete  alteration.  'No.  7  was  originally  an 
olivine-bearing  angite-andesite.  The  traces  of  original  struc- 
ture are  still  so  well  preserved  that  the  zonal  growth  of  former 
feldspar-areas  can  be  seen.  But  the  rock  is  now  largely  com- 
posed of  a  very  feebly  porlarizing  substance,  so  feeble  in  places 
as  to  require  a  sensitive  tint  to  detect  the  change,  and  this  has 
taken  the  place  not  only  of  the  feldspar  and  olivine,  but  of  any 
other  constituent.  It  is  regarded  as  chiefly  serpentine.  The 
rock  is  a  pseudomorph  throughout.  Three  of  the  rocks,  and, 
to  a  lesser  degree,  a  few  others,  have  developed  scapolite.  They 
are,  where  determinable,  types  of  dacitic  aifinities.  Pyrite  is 
abundant  in  them,  and  secondary  quartz  is  present  in  large 
amount.  Scapolite  has  formed  at  the  expense  of  the  feldspar. 
Traces  of  original  biotite  and  hornblende  occur,  and  magnetite 
is  the  only  prominent  original  mineral  left,  except  an  occasional 
quartz  phenocryst.  A  good  many  of  the  slides  show  silicifi- 
cation.  The  mottled  quartz-bespattered  ground-mass,  so  often 
seen  in  the  more  acid  and  more  altered  varieties,  is  doubtless 
due  to  this  process.  It  is  a  common  condition  in  these  rocks, 
and  is  especially  marked  in  the  ores  and  in  those  specimens 
heavily  charged  with  pyrite.  Silicification  is  the  most  charac- 
teristic alteration-effect  seen  in  the  rocks  of  the  district. 

Volcanic  Ash,  Tuff. — Several  specimens  are  extremely  fine- 
grained, and  lack  all  the  structures  that  are  so  persistent  in  the 
other  rocks.  They  are  evidently  much  altered  also,  which  adds 
to  the  uncertainty  of  their  identification.     The  coarser  ones  are 
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more  satisfactory,  and  are  certainly  tufis.  The  liner  ones  are 
called  volcanic  ash  (Nos.  133-137), 

Shale,  or  Slate. — Two  specimens  (jSTos.  140  and  141)  are  very 
uniformly  granular,  black,  very  fine-grained,  in  which  quartz, 
sometimes  interlocking,  can  be  identified.  Besides,  there  are 
multitudes  of  uniformly  distributed  black  specks,  in  part,  per- 
haps iron  oxide,  but,  in  part,  thought  to  be  carbonaceous  mat- 
ter. Small  quartz-veinlets  abound,  especially  in  No.  140.  The 
rock,  a  sedimentary  one,  is  a  silicified  carbonaceous  shale,  and 
occurs  as  an  inclusion  in  one  of  the  trachy-andesites. 

Ores. — Not  more  than  ten  of  the  specimens  are  ores.  They  are 
all  quartzose.  The  interlocking-grains  are  small,  prevailingl}^ 
of  microscopic  size.  In  some  specimens,  all  original  structures 
are  obliterated  in  the  process  of  silicification  and  mineralization 
that  they  have  endured.  In  a  few,  however,  there  are  satisfac- 
tory traces  of  original  structures  and  minerals, — such  as  origi- 
nal phenocrysts, — that  prove  the  igneous  character  of  the  origi- 
nal rock.  The  forms  of  the  phenocrysts  have  persisted  after 
everything  else  has  been  lost.  There  is  no  doubt  in  these  cases 
that  the  ores  are  essentially  silicified  porphyry,  and  that  the 
mineralization  has  accompanied  silicification.  Scapolite  occurs 
in  some  of  these  cases.  A  few  show  previous  crushing,  the 
traces  of  brecciation  being  still  preserved.  Therefore,  the  sili- 
cification probably  follows  these  crush-zones  through  the  for- 
mations. Hematite  (No.  138)  occasionally  holds  the  place  of 
original  pyrite.  But  in  the  best  slides  four  metallic  minerals 
occur — all  perfectly  fresh, — gold,  pyrite,  a  massive  or  granular 
reddish-bronze,  dark,  metallic  mineral  (unidentified),  and  a 
whitish-gray  columnar  or  acicular  metallic  mineral,  probably 
bismuthinite.  There  are  strong  signs  of  bismuth  in  frag- 
ments of  the  ore,  and  it  is  thought  that  both  the  last  two  min- 
erals (jSTo.  40)  carry  that  element.  The  metallics  are  promis- 
cuously distributed  through  the  siliceous  matrix,  and,  in  the 
same  manner,  through  and  among  each  other.  Doubtless,  they 
were  all  formed  in  the  process  that  involved  the  silicification  of 
the  rock,  and,  in  these  cases  at  least,  they  have  suffered  little 
change. 
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IV.  List  of  Specimens.* 

The  following  list  of  rock-specimens  gives  the  specific  locali- 
ties and  the  identification ;  the  numbers  correspond  to  those 
on  the  map,  Fig.  1. 

1.  S.  85  E.,  250  ft.  from  NW.  cor.  Examiner,  Section  36.     Granite. 

2.  N.  20  E.,  300  ft.  from  S.  side  center  Hmitch  Bell,  No.  18,  Section  5.     Fel- 

sitic  anclesite. 

3.  Half-way  between  Banner  and  Knickerbocker  mountains.  Section  32.   Mica- 

andesite. 

4.  A  piece  from  near  the  flagstaff  on  Banner  mountain,  as  little  altered  as  could 

be  found.  Section  31.     Indurated  mica-andesite. 

5.  Butte  250  ft.  SW.  of  SW.  cor.  of  Blind  Ledge,  Section  33.     Hornblende-an- 

desite. 

6.  Butte  1,200  ft.  S.  of  ^  cor.  to  Sections  4-33,  Section  4.     Andesite. 

7.  Fine-grained  altered  rock  from  shaft  back  of  hill  on  S.  end  of  Jumbo,  Sec- 

tion 1.     Andesite. 

8.  Float  from  St.  Ives,  probably  came  out  of  workings  S.  of  shaft,  Section  36. 

Altered  andesite. 

9.  Dump  about  800  ft.  S.  (?j  of  Portland  Mining  Co.'s  shaft,  Section  12.     Oli- 

vine-andesite. 

10.  Butte  adjoining  W.  side  center  Gold  Coin,  Section  2.     Pyroxene-andesite. 

11.  Eustler  Fraction  "\V.  side  center,  Section  1.     Andesite. 

12.  Breccia  from  Piedmont  Fraction  ;  this  outcrops  at  foot  of  hill  below  the 

rhyolite.  Section  35.     Andesite  flowage-breccia. 

13.  Gold  Standard  discovery,  Section  25.     Andesite. 

14.  Eidge  at  W.  side  cor.  Gold  Watch,  freshest  piece  to  be  found,  Section  29. 

Felsitic  andesite,  scapolite  rock. 

15.  Little  E.  of  N.  side  cor.  L'tah,  Section  24.     Andesite. 

16.  Tonapah  Club,  SE.  cor..  Section  24.     Pyroxenic  hornblende-andesite. 

17.  N.  10°  W.,  100  ft.  from  Belmont  Queen   discovery.  Section  24.     Mica-an- 

desite. 

18.  Oakes  discovery.  Section  24.     Andesite. 

19.  Half-way  between  Victor  and  Great  Bend,  Section  19.     Andesite. 

20.  Between  Diamondfield  and  the  Black  Butte  claim.  Section  20.     Andesite. 

21.  Outcrop  near  Nye  and  Esmeralda  Co.'s  boundary  stake,  on  road  to  Diamond- 

field,  Section  20.     Andesite. 

22.  200  ft.  S.  of  SW.  cor.  of  Black  Butte,  Section  20.     Andesite. 

23.  X.  65°  E. ,  140  ft.  from  Calico  discovery,  Section  22,  the  freshest  piece  to  be 

found  in  a  large  area.     Andesite,  badly  weathered. 

24.  Dike  on  Willows  claim,  Section  27.     Andesite  with  glassy  ground-mass. 

25.  100  ft.  NE.  from  SE.  cor.  Hesperion,  Section  30.     Trachyte  tuff,  probably. 

26.  Knickerbocker   mountain,  exact   location  lost.   Section   5.     Indurated   an- 

desite. 

27.  Oro  Goldfield  shaft  dump,  Section  36.     Dacite-porphyry. 

28.  Same,  a  little  away  from  the  shaft.     Dacite-porphyry. 

29.  Same,  from  this  vicinity,  Section  36.     Dacite-porphyry. 

30.  From  low  hill  near  NW.  cor.  of  St.  Louis.     Dacite-porphyry. 


*  Collected  bv  Mr.  Hastina;s  and  determined  bv  Dr.  Berkev. 
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31,  32.     Jumbo  Ex.  dump,  Section  36.     Dacite-porphyry. 

33,  34.     From  open  cut  N.  of  St.  Ives  shaft,  Section  36.     Dacite-porphyry. 

35.  Knickerbocker  mountain  summit.  Section  4.     Dacite-porphyry,  indurated. 

36.  Typical  sample  of  tlie  country-rock  carrying  the  veins.     Dacite-porphyry. 

37.  Florence  rock  from  the  dump,  Section  1.     Altered  dacite,  scapolite  rock. 

38.  Ditto,  heavily  silicified,  Section  1.     Indurated  dacite,  ore. 

39.  Eich  mill-rock,  Florence.     Indurated  dacite,  ore. 

40.  Florence  ore. 

41.  About  300  ft.  E.  of  Minnevada  tunnel,  Section  31.     Dacite-porphyry. 

42.  Ditto,  200  ft.  E.  of  tunnel.     Dacite-porphpry  Avith  pyroxene. 

43.  Dewdrop  shaft,  Section  21.     Dacite. 

44.  Gold  Fountain,  SE.  cor.,  Section  20.     Hornblende-dacite-porphyry 

45.  Huntcli  Bell,  S.  side  center.  Section  5.     A  much-altered  rock,  either  ande- 

site  or  dacite. 

46.  NE.  cor.  Midway  Fraction,  Section  31.     Dacite. 

47.  Ditto,  from  N.  end  of  flow.     Dacite. 

48.  New  York  No.  1  discovery.  Section  33.     Silicitied  porphyry. 

49.  500  ft.  SW.  of  SW.  cor.  Union  Jack,  Section  1.     Silicified  and  scapolitic 

rock. 

50.  51.     Butte,  1  mile  S.  of  town.  Section  11.     Dacite-porphyry. 

52.  Wild  Horse  claim,  S.  end,  lower  flow  butting  against  mesa.  Section    11. 

Dacite. 

53,  54.     Wild  Horse  claim,  S.  end,  lower  flow  butting  against  mesa.  Section  11. 

Olivine-bearing  pyroxene-dacite. 

55,  56.     Same  as  the  last  three,  but  east  of  the  road.     Dacite-porphyry. 

57,  58.     Regarded  as  the  same  rock  as  No.  52,  from  bluff  east  of  Lida  road,  Sec- 
tion 14.     Dacite. 

59.  Detached  area  S.  of  No.  59.     Dacite. 

60.  Top  part  of  No.  57  flow.     Olivine-bearing  pyroxene-dacite. 

61.  Valley  View — Eclipse  claims,   from  top  of  the  Table-mountain  on  which 

these  claims  are  situate,  Section  12.     Dacite. 

62.  Meda  claim.  Section  7.     Spherulitic  rhyolite-porphyry. 

63.  Cor.  to  Sections  7,  8,  17,  18,  Section  17.     Rhyolite. 

64.  West  slope  of  Columbia  mountain.     Rhyolite. 

65.  SE.  cor.  Desert  Rose,  No.  1,  the  rock  with  abundant  quartzes  E.  of  Sand- 

storm, Section  24.     Rhyolite. 

66.  Lucky  Boy  amended  discovery  ;  the  slates  are  125  ft.  wide,  and  west  of  them 

this  rock  outcrops.  Section  36.     Rhyolite. 

67.  68.     From  top  of  Columbia  mountain.     Rhyolite. 

69.  Quartzite  shaft  dump.  Section  20.     Pyroxene- andesite. 

70.  Alhambra,  S.  side  center.  Section  31.     Pyroxene-andesite. 

71.  Just  E.  of  intersection  of  CommonAvealth  and  N.  Y.  side  line.  Section  31. 

Pyroxene-andesite. 

72.  600  ft.  SE.  of  NE.  cor.  Ida  May,  Section  9.     Pyroxene-andesite. 

73.  Grasshopper  Nos.  1  and  2,  50  ft.  E.  of  E.  and  W.  side  center.  Section  8. 

Pyroxene-andesite. 

74.  75  ft.  W.  from  N.  side  center  Hunich  Bell,  No.  9,  Section  31.     Pyroxene- 

andesite. 

75.  Chicago,  SW.  cor.,  Section  33.     Pyroxene-andesite. 

76.  N.  Y.  No.  1  discovery  shaft.  Section  33.     Pyroxene-andesite. 

77.  78.     True  Bell,  W.  side  center.  Section  31.     Pyroxene-andesite. 

79.     E.  side  center  Lady  June,  Section  31.     Pyroxene-andesite,  chloritic. 


158       GEOLOGY    AND    PETROGRAPHY    OF    GOLDFIELD    DISTRICT. 

80.  50  ft.  E.  of  SW.  cor.  of  Fraction  claim  at  foot  of  east  slope  of  Vindicator 

mountain,  Section  30.     Pyroxene-andesite. 

81.  NE.  cor.  Gold  Standard,  Section  25.     Pyroxene-andesite. 

82.  ^.  Y.  No.  2,  W.  side  center,  Section  33.     Pyroxene-andesite. 

83.  S.  20°  E.  200  ft.  from  SW.   and  SE.   corners   Elizabeth  and  -Jack  Eabbit 

Fraction,  Section  31.     Pyroxene-andesite. 

84.  Oakes  discovery  shaft,  Section  24.     Pyroxene-andesite. 

85.  200  ft.  SW.  of  SW.  cor.  Adams,  Section  25.     Pyroxene-andesite. 

86.  Blackrock  discovery,  Section  24.     Pyroxene-andesite. 

87.  Sections  13-24.     Pyroxene-andesite. 

88.  Cloudy  Day  dike?  from  shaft.  Section  24.     Pyroxene-andesite. 

89.  Ked  Butte,  NE.  cor.,  Section  19.     Pyroxene-andesite. 

90.  From  hummock  east  of  low  hill  near  NW.  cor.  of  St.  Louis,  Section  36. 

Pyroxene-andesite. 

91.  N.  70°  E.  from  SE.  cor.  Red  Butte,  Section  19.     Pyroxene-andesite. 

92.  Athabasca,  E.  side  cor.,  Section  19.     Pyroxene  (hypersthenei-andesite. 

93.  Autumn  discovery,  Section  24.     Pyroxene-andesite. 

94.  Butte  near  Adams  shaft,  Section  25.     Pyroxene-trachy-andesite- 

95.  S.  64°  W.,  100  ft.  from  NW.  cor.  Huntch  Bell,  No.  3,  Section  5.    Pyroxene- 

andesite. 

96.  Area  close  to  Florence  shaft  on  the  east.  Section  1.     Pyroxene-andesite. 

97.  Rustler  Fraction,  N.  30°  E.  from  E.  side  center,  Section  1.     Pyroxene-an- 

desite. 

98.  99.     From  hill  west  of  Myers  peak,  Section  1.     Pyroxene-andesite. 

100.  Red  Lion  boundary,  Section  12.     Hypersthene-andesite. 

101.  Location  unknown.      Pyroxene-andesite. 

102.  100  ft.  E.  of  S.  side  cor.,  Section  20.     Pyroxene-andesite. 

103.  Top  of  bluff  on  summit,   east  of    Lida  road,   Section   14.     Pyroxene-an- 

desite. 

104.  Summit  of  butte,  south  of  Blue  Bird,  Daisy  No.  2,  and  3  Friends  Fraction, 

and  west  of  Black  Butte,  Section  20.     Pyroxene-andesite. 

105.  Detached  dome  west  of  Tonopah  road,  Gold  Leaf  discovery.  Section  20. 

Hypersthene-andesite. 

106.  107,  108.     L'pper  flow  on  mesa  west  and  southwest  of  town.  Section  11.     Oli- 

vine-bearing  pyroxene-andesite. 

109.  Top  of  butte  where  tanks  of  Goldfield  Water  Co.  are  situated.  Section  2. 

Olivine-bearing  pyroxene-andesite. 

110.  Upper  flow  on  mesa  at  head  of  gulch  at  Wild  Horse  claim,  A  of  Fig.  1, 

Section  11.     Olivine-bearing  pyroxene-andesite. 

111.  112.     E.  of  Fig.  1,  south  end  Wild  Horse  claim.  Section  11.     Olivine-bear- 

ing pyroxene-andesite. 

113.  From  behind  butte  on  which  water-tank  is  situated,  at  mouth  of  gulch  west 

of  town.     Dike?  Section  10.     Olivine-bearing  pyroxene-andesite. 

114.  Goldfield  Brewery  well.  Section  3.     Olivine-bearing  pyroxene-andesite. 

115.  Well  at  Los  Angeles  Co.'s  mill  west  of  town.  Section  2.     Quartz-basalt. 

116.  Fifty-foot  well,  S.  10  E.,  660  ft.  from  Goldfield  Hospital,  Section  2.     Oli- 

vine-bearing pyroxene-andesite. 

117.  Area,  Section  12.     Olivine-bearing  pyroxene-andesite. 

118.  1,650  ft.  E.  of  cor.  to  Sections  4,  5,  32,  33.     Olivine-bearing  pyroxene-an- 

desite. 

119.  NW.   cor.    Red  Lion  Fraction,  Section  7.     Olivine-bearing  pyroxene-an- 

desite. 
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120.  Capping  of  hill,  100  ft.  E.  of  W.  side  center  Anaconda,  Section  22.     Oli- 

vine-bearing  pyroxene-andesite. 

121.  Willows  No.  1,  near  W.  side  center,  Section  27.    Olivine-bearing  pyroxene- 

andesite. 

122.  123.     Myers  Peak,  Section  12.     Olivine-basalt. 

124.  From  top  of  bluft",  a  little  SE.  of  summit,  on  Lida  road,  Section  14.    Olivine- 

basalt. 

125.  Alvarado,  SE.  cor.,  Section  13.     Olivine-bearing  pyroxene-andesite,  near 

basalt. 

126.  Grubstake  Fraction,  on  S.  side  of  SW.  cor..  Section  4.     Olivine-bearing 

pyroxene-andesite,  near  basalt. 

127.  Highwater,  SW.  cor..  Section  19.     Olivine-bearing  pyroxene-andesite,  near 

basalt. 

128.  From  top  of  bluff,  a  little  east  of  Lida  road,  after  crossing  summit.  Section 

1.4.     Pyroxene-andesite. 

129.  Lower  flow  on  Malapais  mesa,  near  divide  on  Lida  road,  S.  of  town,  W.  of 

road,  SE.  cor.  of  map.     Felsite. 

130.  Normal  piece  from  lower  flow  on  mesa,  SW.  of  town.  Section  11.     Felsite. 
133,  134.     Desert  Eose  No.  1,  Section  24.     Volcanic  ash. 

135.  Tonopah  Club,  Section  24.     Volcanic  ash. 

136.  Locality  unknown.     Volcanic  ash. 

137.  Near  Tinhorn,  Section  5.     Volcanic  luff. 

138.  An  indurated  rock  of  doubtful  identity. 

139.  West  slope  Columbia  mountain,  near  foot.  Section  35.     Tuff. 

140.  Lucky  Boy,  inclusion  in  alaskite  and  rhyolite.  Vindicator  mountain,  Sec- 

tion 36.     Indurated  shale. 

141.  SW.  end  of  Columbia  mountain,  inclusion  in  alaskite  and  rhyolite,  princi- 

pally former.  Section  35.     Black  slate  or  indurated  shale. 

142.  143.     Locality  unknown.     Silicified  rock,  indurated  porphyry. 
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The  Mojave  Mining  District  of  California. 

BY   CHARLES   E.    W.    BATESON,    NEW   YORK   CITY. 

(Bethlehem  Meeting,  February,  1906.) 

I.  Location. 

The  Mojave  mining  district  is  situated  in  a  group  of  small 
hills  centering  around  Soledad  peak,  in  the  Mojave  desert, 
Kern  county,  Cal.  These  hills  are  ahout  4.5  miles  SSW.  of 
Mojave,  a  railroad  town  at  the  junction  of  the  Santa  Fe  and 
Southern  Pacific  railroads. 

The  town  of  Mojave  is  about  50  miles  north  of  Los  Angeles, 
to  which  it  is  connected  both  by  telegraph  and  by  rail.  The 
distance  on  the  Southern  Pacific  railroad  is  102  miles,  covered 
in  3  hr.  and  45  min.  by  express  train.  A  sketch-map  of  this 
region  is  shown  in  Fig.  1. 

The  Mojave  district  is  relativel}'  isolated.  The  only  other 
mining  towns  in  this  section  of  California  are  Randsburg  and 
Johannesburg,  in  a  district  (containing  the  well-known  Yellow 
Aster  mine)  at  the  northern  end  of  a  low  range  of  hills,  which 
begins  about  20  miles  NE,  of  Mojave,  runs  nearly  IST.  for  35 
miles,  and  varies  in  width  between  3  and  6  miles.  As  will  be 
seen  later,  the  origin  and  formation  of  these  hills  are  not  the 
same  as  those  of  Soledad  peak. 

IL  Climate  and  Vegetation. 

The  climate  and  vegetation  of  the  Mojave  district  are  typical 
of  the  arid  regions  of  the  southwestern  United  States.  During 
the  winter  and  spring  there  is  some  rainfall,  and  the  tempera- 
ture is  generally  from  60°  to  70°  F.  in  the  day-time.  The 
rainfall  in  the  spring  is  often  very  considerable  for  short  spaces 
of  time,  and  cloud-bursts  are  not  infrequent.  In  summer  there 
is  continual  sunshine,  with  temperatures,  as  a  rule,  exceeding 
100°  F.  in  the  day-time,  while  115°  F.  in  the  shade  of  a  house 
is  not  at  all  unusual;  but  at  night  the  temperature  falls  con- 
siderably.    Xo  rain  falls  during  the  summer.     The  vegetation 
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consists  of  a  very  little  desert  grass,  a  little  grease-wood,  sage 
bush  and  a  few  yucca  trees. 


Fig.  1. — Sketch-Map  of  Southern  Part  of  California,  the  Circle 
Showing  Position  of  Soledad  Peak. 


III.  Topography. 

The  topography  presents  low  ranges  of  hills  and  isolated 
peaks  of  igneous  or  volcanic  origin,  which  seldom  rise  more 
than  from  1,500  to  2,000  ft.  above  the  level  of  the  desert.    The 

vol.  XXXVII. — 11 
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valleys,  which  are  of  much  greater  area  than  the  hills,  are  the 
typical  waste-tilled  interior  basins  characteristic  of  the  desert. 

Earlier  in  geological  history,  the  valleys  were  deeper  and  the 
hills  higher  than  they  are  now.  The  hills  and  ridges,  being  of 
igneous  origin,  were  particularly  susceptible  to  rapid  disinte- 
gration, because  the  comparatively  great  change  in  temperature 
between  day  and  night  caused  appreciable  expansion  and  con- 
traction in  the  outer  crust  of  the  rock,  and  the  unequal  rate  of 
expansion  and  contraction  of  its  constituent  minerals  produced 
stresses  under  which  the  rock-surface  cracked  and  peeled  oft'. 
The  detritus,  before  any  great  amount  of  it  could  accumulate, 
was  carried  by  the  heavy  rains  into  the  gorges,  where  the  water 
collected  in  great  volume  and  swept  it  out  into  the  valleys. 
This  action  exposed  a  fresh  surface  of  the  rock,  to  undergo  the 
same  cycle  of  disintegration. 

The  detritus  was  deposited  at  the  mouth  of  the  gorges  as 
large  alluvial  fans,  which  increased  in  size  until  they  met  and 
merged  into  one  another,  forming  detrital  slopes.  These  slopes, 
extending  outward  and  meeting  the  detrital  slopes  of  adjacent 
ridges,  formed  detrital  plains,  which  continued  to  grow  until 
they  completely  filled  the  interior  basin,  and  even  overflowed  it. 

But  little  material,  however,  is  carried  out  of  these  basins 
unless  it  be  in  solution.  The  water  from  the  gorges  soon  loses 
itself  in  the  coarse  waste  of  the  fans  and  plains,  and  does  not  re- 
appear again,  except,  perhaps,  when  there  has  been  a  very  heavy 
or  extensive  downpour,  in  which  case  it  issues  as  innumerable 
springs  at  the  head  of  a  "  crossing,"  i.e.,  a  gorge  that  connects 
one  waste-filled  valley  with  another. 

The  mouth  of  a  crossing  is  shown  in  Fig.  2.  The  little  hills, 
composed  of  bright  red  and  white  sandstone,  are  local  and  are 
sedimentary,  while  the  surrounding  hills  are  igneous.  The  age 
of  these  sediments  I  could  not  determine.  The  crossing  is 
about  3  miles  long.  Water  can  be  obtained  in  these  crossings, 
even  in  the  driest  seasons,  by  digging  a  short  distance,  some- 
times only  a  few  feet;  and  also,  in  many  cases,  by  digging  at 
some  distance  from  the  mouth  of  a  gorge  that  comes  from  the 
hills,  especially  if  it  be  a  main  gorge,  having  branches  and  a 
pretty  large  steep  cone  at  its  mouth. 

The  porosity  of  the  waste-filled  valleys  does  not  allow  the 
water  to  go  far  on  the  surface,  so  that  its  burden,  as  it  comes 
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from  the  hills,  is  entirely  deposited  on  the  alluvial  fans.  Sub- 
sequent rains  move  this  deposit  farther  and  farther  out,  until 
the  line  where  two  slope-plains  meet  is  encountered,  at  which 
place  the  finer  material  is  worked  down  towards  the  mouth 
of  a  crossing,  so  that  the  waste-filled  valleys  slope  upward  in 
every  direction  from  the  head  of  a  crossing.  The  mouth  of  a 
crossing  may  or  may  not  be  one  of  the  highest  points  in  the 
waste  valley  into  which  it  disgorges;  but  the  general  level  of 
the  valley  from  which  it  comes  is  higher  than  that  of  the  valley 
into  which  it  runs. 

The  local  topography  of  the  Mojave  district  shows  a  mass  of 
eruptive  rocks,  whose  highest  and  most  northerly  point,  Sole- 


FiG.  2. — Mouth  of  a  '•Crosslxg"  ix  the  Mojave  Desert. 

dad  peak,  is  about  4,000  ft.  above  sea-level  and  about  1,250  ft. 
above  the  general  level  of  the  surrounding  desert.  Mojave 
and  Rosamond  stations,  on  the  desert,  are  2,751  and  2,315  ft. 
above  sea-level  respectively. 

A  considerable  number  of  much  smaller  hills  are  grouped 
south  of  Soledad  peak,  of  which  the  miners  consider  them  to 
be  "  spurs." 

The  map.  Fig.  3,  shows  the  generally  circular  to  ovai  con- 
tours of  all  these  hills. 

Bowers  hill,  the  only  small  one  with  a  name,  rises  about  400 
ft.  above  the  desert,  about  a  quarter  of  a  mile  northeasterly 
from  Soledad  peak,  and  is  less  than  a  mile  long. 
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IV.    EOCKS. 

Five  varieties  of  igneous  rock  appear  in  the  district. 

1.   Granite. — This  is  the  oldest  formation  exposed,  and  prob- 


Scale  1  =  3200 


WW 


a  Um  fij^ 


I 


Contours  r.liyolUe  Ktyolite  Obsidian 

Interval  =100 '  Prophyry 


Fig.  3. — Topographical  and  Geological  Map  of  the  Mojave  District, 
Kern  County,  Cal. 


ably  underlies  the  entire  district.  It  shows  at  the  surface  along 
the  northeast  flank  of  Bowers  hill.  It  extends  to  the  southwest 
and  does  not  re-appear  in  the  mineralized  zone.     It  is  seen, 
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however,  about  5  miles  SSW.  of  Soledad  peak,  where  it  under- 
lies some  low  hills  of  tuff'. 

Hand-specimens  of  this  granite  show  a  coarse-grained 
quartz-orthoclase-albite  rock,  containing  a  very  small  quantity 
of  biotite. 

2.  Bhyolite-Porjphyry. — This  rock,  lying  upon  and  in  contact 
with  the  granite,  has  by  far  the  greatest  exposure  of  all  the 
rocks  of  the  district,  as  shown  in  Fig.  3,  and  is  the  most  im- 
portant by  reason  of  its  quantity,  and  because  it  is  the  country- 
rock  of  the  veins. 

Both  in  hand-specimens  and  under  the  microscope,  it  pre- 
sents a  much  decomposed  appearance.  Quartz,  often  showing 
a  decidedly  hexagonal  outline,  is  the  only  mineral  distinguish- 


J^iG.  4. — Rhyolite-Pukphyry  Greatly  Altered. 


able  to  the  naked  eye.  In  hand-specimens  the  rhyolite-por- 
phyry  is  nearly  or  quite  white.  In  thin  sections  under  the 
microscope  the  rock  is  seen  to  be  very  extensively  altered,  as 
shown  in  Fig.  4.  Because  of  the  complete  obliteration  of  all 
traces  of  structure,  quartz  is  the  only  original  mineral  rec- 
ognizable. Quartz  occurs,  also,  in  considerable  amount  as  a 
secondary  mineral.  Kaolin,  showing  slightly  developed  sphe- 
roidal structure,  is  present  in  large  quantity.  Secondary  calcite 
is  probably  present,  but  in  no  place  is  it  developed  sufficiently 
to  be  identified.  Neither  in  hand-specimens  nor  in  thin  sec- 
tions does  the  rhyolite-porphyry  show  lines  of  flow. 

3.  Bhyolite. — This  rock,  in  sheets  and  patches,  overlies  the 
rhyolite-porphyry  and  forms  the  summits  of  many  of  the  hills, 
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as  shown  in  Fig.  3.     A  few  veins  outcrop  in  the  rhyolite,  but 
they  have  not  been  developed,  even  slightly. 

In  hand-specimens,  the  rhyolite  is  dirty  brown  in  color,  and 
greatly  resembles  devitrified  obsidian,  having  strongly  marked 
flow-lines.     In  thin  sections  under  the  microscope,  as  shown  in 


FiC4.  5. — Rhyolite  Greatly  Altered,  Showing  Orthoclase  Twin  Crystal 
Replaced  by  Quartz. 

Fig.  5,  it  is  seen  to  be  very  much  decomposed  and  similar  to 
the  rhyolite-porphyry.  Quartz,  the  only  recognizable  mineral, 
is  both  primary  and  secondary.  In  many  cases  the  secondary 
quartz  has   replaced  feldspar  crystals,  molecule  by  molecule; 


Fig.  6. — Rhyolite,  Showing  Lines  op  Flow. 

and  in  one  case  (the  crystal  near  the  center  of  Fig.  5)  it  has 
even  preserved  the  orientation  of  an  orthoclase  twin  crystal. 
No  other  mineral  is  recognizable. 

Fig.  6  shows  a  thin  section  of  a  nearly  fresh  specimen  of  this 
rhyolite.    In  hand-specimens  it  is  almost  white,  of  fine  texture. 
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and  shows  faint  flow-lines.  In  the  thin  sections  it  is  seen  to  be 
a  devitrified  rliyolite,  showing  phenocrysts  of  orthoclase,  biotite 
and  quartz.  The  biotite  and  orthoclase  have  no  unusual  fea- 
tures, and  the  quartz  occurs  both  primary  and  secondary.  The 
primary  quartz  originally  had  well-marked  crystal  outlines  that 
later  became  indistinct  in  most  of  the  crystals  through  re-ab- 
sorption of  the  silica;  while,  in  others,  it  remained  fairly  well 
preserved.  The  secondary  quartz  is  in  minute,  interlocking 
pieces  of  no  crystal  outline  and  of  varying  orientation. 

4.  Obsidian. — In  hand-specimens,  the  obsidian  is  black  in 
color  and  full  of  small  holes,  about  an  eighth  of  an  inch  in  di- 
ameter. Thin  sections  are  nearly  opaque,  and  show  nothing 
except  that  it  is  greatly  devitrified.  It  is  probably  a  more 
quickly-chilled  part  of  the  rliyolite,  and  not  a  distinct  flow.  It 
occurs  only  in  one  place,  as  a  capping  to  one  of  the  smaller 
hills,  and  is  underlain  by  the  rhyolite-porphyry  described  above, 
and  shown  in  Fig.  3. 

5.  Tujf. — The  tufl:",  composed  of  volcanic  ash,  is  now  so  much 
decomposed  that  very  little  can  be  made  of  its  mineralogical 
character  except  that  quartz  and,  at  rare  intervals,  a  fragment 
of  feldspar  are  recognizable.  In  hand-specimens  it  generally 
varies  from  a  dirty  white  to  a  pale,  greenish  color,  and  appears 
rather  fine-textured  for  a  tuff.  It  occurs  in  three  small  patches, 
overlying  the  rhyolite  in  two  cases,  while  in  the  the  third  it 
seems  to  overlie  a  contact  between  the  rhyolite  and  the  rhyo- 
lite-porphyry. Its  actual  contact  was  not  seen  on  the  rhyolite- 
porphyry,  being  covered  by  the  talus,  although  it  was  seen  on 
the  rhyolite.  The  map.  Fig.  3,  shows  it  resting  in  part  on  the 
rhj'olite-porphyry,  because  outcrops  of  the  rhyolite-porphyry 
came  very  near  it,  and  there  was  no  intermediate  talus  of  rhyo- 
lite. The  detritus  and  waste  of  the  hills  are  shown  in  Fig.  3  as 
surrounding  them. 

V.  Origin  of  the  Rocks. 

There  are  two  tenable  hypotheses  in  regard  to  the  relation 
between  the  rhyolite-porphyry  and  the  rhyolite. 

1.  According  to  the  first,  the  rhyolite  is  the  outside  quickly- 
chilled  portion,  and  the  rhyolite-porphyry  is  the  more  slowly- 
cooled  portion,  of  a  volcanic  outburst. 

2.  According  to  the  second,  there  have  been  several  erup- 
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tions,  at  least  two  of  which  are  observable.  Of  these,  the  first 
produced  the  rhyolite-porphyry  (which  may  or  may  not  have 
been  fiuer-grained  on  its  surface),  and  was  followed  by  a  period 
of  quiescence,  during  which  considerable  erosion  took  place, 
and  after  which  the  second  eruption  produced  the  rhyolite,  and, 
in  its  expiring  stages,  the  volcanic  tuffs. 

The  evidences  to  support  the  first  view  (that  of  a  single  flow) 
are : — 

In  several  places  the  rhyolite  grades  from  a  rock  which  re- 
sembles the  obsidian,  shown  in  Fig.  5,  having  the  same  dirty 
brown  color,  into  a  nearly  porphyritic  rock  almost  white  in 
color,  shown  in  Fig.  3.  Then,  after  an  interval  of  from  150  to 
200  ft.  covered  by  talus,  the  typical  rhyolite-porphyry  appears. 
At  no  place  was  I  able  to  find  exposed  a  continuous  gradation 
of  one  into  the  other.  The  mineralogical  characters  of  the  rock 
serve  in  a  way  to  support  this  view.  Both  the  typical  rhyolite, 
shown  in  Fig.  5,  and  the  typical  rhyolite-porphyry,  shown  in 
Fig.  4,  are  too  greatly  decomposed  to  give  clear  evidence;  and 
the  only  satisfactory  thin  sections,  shown  in  Fig.  6,  came  from 
a  rock  that  is  almost  porphyritic  in  texture,  and  is  clearly  a  part 
of  the  rhyolite. 

In  favor  of  the  second  hypothesis,  namely,  that  there  were 
two  separate  and  distinct  flows,  the  following  facts  may  be  re- 
garded a§  evidence : — 

In  one  spot,  on  the  Echo  claim,  a  direct  contact  was  found 
where  the  rhyolite-porphyry  is  typically  developed,  as  is  also 
the  rhyolite.  The  rhyolite-porphyry  occurs  as  a  small  circular 
outcrop,  about  2  ft.  in  diameter,  which  is  entirely  surrounded 
by  a  breccia,  from  1.5  to  3  in.  thick,  colored  brown  and  con- 
taining a  great  deal  of  quartz,  followed  by  the  rhyolite.  I 
think  that  the  presence  of  the  breccia  precludes  the  view  that 
this  outcrop  is  a  boulder  that  had  become  imbedded  in  the 
rhyolite.  But  whether  it  is  a  boulder  or  rock  in  place  is  unim- 
portant, since  in  either  case  its  occurrence  shows  that  the  rhyo- 
lite-porphyry is  older  than  the  rhyolite. 

One  of  the  smaller  hills  was  capped  with  rhyolite  in  the  form 
of  black  obsidian,  below  which  all  outcrops  were  concealed  by 
talus  until  near  the  base,  where  rhyolite-porphyry  was  exposed. 
These  two  rocks,  the  rhyolite  and  the  rhyolite-porphyry,  were 
sharpl}^  contrasted   and   could  easily  be   distinguished.     The 
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talus,  however,  contained  only  the  typical  examples  of  each, 
there  being  no  transition-forms.  From  this  occurrence  the  in- 
ference was  reached  that  they  represented  distinct  and  separate 
outbreaks. 

The  dome-like  shape  of  the  hills,  with  the  rhyolite  as  a  cap, 
shown  in  Fig.  3,  seem  to  indicate  that  a  cone  of  this  harder, 
more-resistant  rock  came  up  through  the  rhyolite-porphyry  in 
necks  and  overflowed  on  the  surface,  and  that  these  necks  have 
resisted  weathering  better  than  the  more  easily  disintegrable 
rhyolite-porphyry.  The  mineralogical  characteristics  of  the 
rocks,  however,  do  not  strongly  support  this  hypothesis.  Prac- 
tically all  that  can  be  said  is  that  the  primary  quartz  in  the 
rhyolite  generally  shows  considerable  re-absorption,  while  that 
of  the  rhyolite-porphyry  does  not ;  moreover,  the  rhyolite  shows 
flow-lines,  which  are  not  observed  in  the  rhyolite-porphyry. 
The  mineralogical  characters  of  the  rocks  would,  on  either  hy- 
pothesis, be  very  similar,  since  the  magmas  were  in  all  prob- 
ability identical,  being  doubtless  derived  from  the  underlying 
granite.  Hence,  the  relationships  in  the  field  are  the  strongest 
and  most  trustworthy  evidence,  and  the}-  indicate,  with  a  high 
degree  of  probability,  two  flows.  These  relationships  are  illus- 
trated by  Fig.  7. 

That  the  Mojave  district  is  an  isolated  one,  and  that  the 
origin  of  all  the  desert  hills  is  not  the  same,  or  even  due  to 
similar  causes,  is  shown  by  contrasts  presented  in  the  Rands- 
burg-Johannesburg  area.  That  district,  as  already  observed, 
occupies  the  northern  end  of  a  long,  low  ridge  rising  from  1,000 
to  1,500  ft.  above  the  general  level  of  the  surrounding  desert. 
The  back-bone  of  the  ridge  is  diorite,  which  is  flanked  on  both 
sides  b}'  heavy  beds  of  metamorphosed  hornblende  schist,  dip- 
ping in  places  as  much  as  45°  away  from  the  center  or  axis  of 
folding.^ 

YI.  Veins. 

Almost  all  the  veins  now  known  are  on  the  northern  flank 
of  Soledad  peak,  and  their  strike  is  generally  a  little  south  of 
west,  as  is  illustrated  in  Fig.  3.  The  principal  and  largest 
veins  are  operated  by  four  companies.  Beginning  at  the  west, 
the  Echo  Mining  Co.  works  the  Echo,  Grey  Eagle  and  Star- 

^  l^th  Report  of  the  State  Geologist  of  California:  Gold— Kern  Co.  (1895-96). 
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light  veins;  about  0.5  mile  farther  east  the  Queen  Esther  Min- 
ing Co.  works  the  Queen  Esther  vein ;  and  next  to  the  Queen 
Esther  is  the  Karma  Mining  Co.,  working  the  Karma  vein. 

The  Exposed  Treasure  vein  on  Bowers  hill  is  worked  by  the 
Treasure  Mining  Co.,  a  Xew  York  concern. 

The  Echo  vein  has  the  normal  strike  and  dips  to  the  northeast, 
as  shown  by  Fig.  7.     Its  outcrop  can  be  traced  for  1,800  ft.,  and 
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Fig.  7. — Sections  of  Portions  of  the  Mojave  District,  Shown  in  Fig.  3, 
Illustrating  the  Probable  Eelationships. 


throughout  its  entire  length  a  rather  constant  width  of  about  3  ft. 
is  preserved.  This  general  width  also  persists  in  depth  as  far  as 
the  vein  is  known — something  over  200  feet.  The  gangue,  or 
vein-filling,  is  quartz  of  the  variety  generally  known  as  "sugary." 
In  general,  the  line  of  demarcation  between  the  quartz-filling  and 
the  country-rock  is  sharp,  although  in  places  the  walls  seem  to 
be  much  shattered  for  a  few  feet  on  each  side  of  the  vein,  the 
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quartz  having  filled  any  spaces  and  cracks  that  were  formed. 
No  gouge-seams,  slickensides  or  other  evidences  of  extensive 
movement  after  the  quartz-filling  had  been  introduced  were 
observed.  In  places  next  to  the  country-rock,  and  even  in  the 
quartz  itself,  patches  of  kaolin  are  found.  The  wall-rock  is 
silicified  rhyolite-piorphyry,  which  is  very  hard,  and  difiicult  to 
mine.  The  values  are  in  gold  and  silver.  The  gold  occurs 
free  in  very  minute  scales  associated  with  pyrite.  Along  the 
outcrop  and  near  the  surface  the  gold  is  almost  all  free.  The 
silver  occurs  as  horn  silver  (cerargyrite)  in  small  specks  along 
and  near  the  outcrop,  changing  to  argentite  in  depth.  The  en- 
tire vein  is  mineralized  to  some  extent.  The  workable  por- 
tions, however,  occur  in  irregular  bunches,  which  may  have 
considerable  dimensions,  both  in  length  and  depth  ;  that  is,  from 
100  to  200  feet. 

The  Starlight  vein,  distant  about  300  ft.  east  of  the  Echo,  is 
parallel  to  it  in  strike,  and  dips  to  the  northeast.  Its  outcrop 
cannot  be  traced  for  the  entire  distance.  Its  average  width  is 
about  3  feet.  The  vein-filling,  the  relationship  between  the 
vein  and  the  wall-rock  and  the  mineralization,  are  the  same  as 
in  the  Echo.     The  major  part  of  the  value  is  in  silver. 

The  Grey  Eagle  vein  commences  near  the  northern  end  of 
the  Starlight  and  diverges  from  it  in  a  southerly  direction,  until 
about  100  ft.  or  more  from  it,  and  then  turns  parallel  to  it.  In 
general  the  dip  is  90°,  from  which,  however,  it  varies,  some- 
times to  one  side  and  sometimes  to  the  other.  The  vein  con- 
nects with  the  Starlight  at  increasing  depths  towards  the  south. 
Its  average  width  is  a  little  less  than  3  feet.  The  vein-filling, 
and  the  relationship  of  vein  to  the  wall-rock  and  the  mineral- 
ization, are  the  same  as  the  Echo  and  Starlight,  except  that  the 
gold-value  is  greater  than  that  of  the  silver.  At  the  one  place 
developed,  where  the  two  veins  join,  shown  in  Fig.  8,  consid- 
erable kaolin  occurs,  and  the  values  are  not  so  high  as  on  either 
side  of  the  connection.  The  quartz-filling,  however,  shows  no 
discontinuity  in  passing  from  above  the  connection  to  below  it. 

The  mine-management  believes  that  the  Grey  Eagle  crosses 
the  Starlight  vein,  basing  the  belief  on  a  small  length  of  out- 
crop found  to  the  west  of  the  Starlight  vein,  having  a  strike 
nearly  the  same  as  that  of  the  Starlight  vein,  and  being  in  a 
general  line  with  that  part  of  the  Grey  Eagle  vein  which  joins 
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Fig.  8.— Sections  of  Starlight,  Grey  Eagle  and  Queen  Esther  Veins 
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Oil  the  outcrop.  It  is  believed  that  the  Starlight  has  faulted 
the  Grey  Eagle. 

The  Queen  Esther  vein  runs  more  nearly  north  and  south 
than  any  of  the  others.  It  dips  about  60°  to  the  east.  The 
vein-filling  is  sugary  quartz.  The  country-rock  is  greatly  de- 
composed rhyolite-porphyry.  The  mineralization  is  similar  to 
the  Echo.  The  width  of  this  vein  is  generally  from  5  to  6  ft., 
but  it  varies  a  great  deal,  in  some  places  being  nearly  12  ft., 
while  in  others  it  is  only  about  3  feet.  A  remarkable  feature 
of  this  vein  is  the  rolls  that  it  takes  as  it  gains  in  depth.  This 
is  shown  in  Fig.  8.  At  the  present  stage  of  development  three 
of  these  rolls  or  folds  are  known.  The  first  one  encountered 
in  depth  is  the  smallest,  and  the  third  the  largest.  They  dip 
along  the  vein  about  10°  to  the  north.  The  largest  one  dis- 
places the  vein  30  ft.  horizontally  and  10  ft.  vertically. 

The  Karma  vein,  dipping  about  85°  to  the  east,  has  the  pre- 
vailing strike  of  a  little  south  of  west.  Its  outcrop  can  be 
traced  continuously  for  about  1,000  feet.  It  varies  in  width 
from  2  to  5  ft.,  although,  in  places,  the  mineralized  zone 
reaches  considerable  width.  In  the  case  of  the  "  glory  hole," 
it  is  about  40  ft.  to  the  vein-stufl:',  which  fills  cracks  and  fissures 
extending  into  the  country-rock  on  both  sides  of  the  vein 
proper.  At  one  place  on  the  outcrop,  about  200  ft.  in  length, 
this  vein,  together  with  the  numerous  small  branches  it  there 
possesses,  reaches  a  width  of  between  60  and  80  ft.,  but  it  is 
reported  not  to  be  w^ell-mineralized  at  this  point. 

The  gangue  is  sugary  quartz,  and  the  mineralization  is  the 
same  as  that  described  above.  Bromyrite  was  reported  to 
have  been  abundant  in  one  of  the  stopes,  now  worked  out.  A 
small  piece  of  quartz,  still  adhering  to  one  of  the  walls,  was  ob- 
tained, showing  small  specks  of  the  reported  bromyrite.  On 
careful  investigation  (the  specimen  was  so  small  that  entirely 
satisfactory-  results  were  impossible)  the  green  specks  were 
found  to  be  in  all  probability  copper  stains,  and  not  bromyrite 
at  all.  The  character  of  this  mineral  as  determined  are : — 
color,  dark  green ;  luster,  dull ;  hardness,  from  4  to  5 ;  opaque, 
even  under  the  microscope.  Very  rich  ore  was  obtained  from 
this  stope.     The  country-rock  of  this  vein  is  rhyolite-porphyry. 

The  Exposed  Treasure  vein  is  on  Bowers  hill.  I  did  not 
examine  this  vein,  but  from  hearsay  I  present  the  following : — 
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The  vein  maintains  the  usual  strike  of  all  the  veins  of  the  dis- 
trict, but  departs  from  the  rule  by  dipping  to  the  west.  The 
wall-rock  for  a  distance  is  rhyolite-porphyry,  and  then  the  vein 
follows  the  contact  between  the  granite  and  the  rhyolite-por- 
phyry. The  mineralization  follows  the  general  rule,  and  the 
pay  ore  is  very  rich  but  extremely  irregular. 

A  small  vein  on  the  southwestern  flank  of  Soledad  peak, 
thought  in  all  probability  to  be  an  extension  of  the  Starlight 
(see  Fig.  3),  is  interesting,  because  its  wall-rock  (see  Fig.  9) 
shows  a  double  brecciation.  It  also  shows  pyrite  in  the  cement- 
ino;  material  of  the  second  brecciation.  The  first  cementino- 
material  was  mainly  kaolin,  with  some  secondary  quartz.    The 


Fjg.  9. — Section  of  Wall-Rock  of  ^'EIN  ok  Soledad  Peak,  Thought  to 

BE   A   COXTINUATIOX   OF   THE   STARLIGHT  YeIN. 

second  cement  comprised  secondary  quartz  and  considerable 
kaolin,  in  places  with  pyrite,  which  carries  considerable  gold. 

Whatever  the  history  of  the  volcanic  action  may  have  been, 
it  is  quite  evident  that  the  veins  were  not  formed  until  all 
volcanic  action  was  over. 

Almost  all  the  known  veins  are  on  the  northern  flank  of  the 
group  of  hills,  and  these  are  easily  divisible  into  two  main 
groups: — one,  the  Echo  group,  to  the  west;  and  the  other,  the 
Queen  Esther-Karma  group,  to  the  east.  The  Exposed  Treas- 
ure and  others,  perhaps  not  yet  found,  make  a  third  but  less  im- 
portant group  on  Bowers  hill.  The  general  course  of  all  these 
veins  is  a  little  west  of  north. 

Both  of  the  first  two  groups  seem  to  have  a  focus  where  all 
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of  the  veins  in  each  c^roup  will  meet,  provided  thej  preserve 
their  present  dip.  In  the  Echo  group,  this  focus  is  about  700 
ft.  below  the  general  level  of  the  desert,  and  in  the  Queen 
Esther-Karma  group  it  is  from  400  to  500  feet.. 

All  these  veins  are  typical  quartz-veins,  containing  quartz 
and  minerals  derived  from  the  decomposition  or  alteration  of 
the  country-rock,  and  deposited  in  fissures,  caused  by  contrac- 
tion on  cooling;  in  this  case  the  cooling  has  been  from  fusion. 
In  some  of  the  veins  the  brecciation  of  the  wall-rock  is  clearly 
observable,  and  in  one  case  a  double  breccia — a  breeciated 
breccia — is  shown. 

In  the  Queen  Esther  vein  rather  remarkable  rolls  are  found, 
which  were  not  caused  by  any  cross-fissures  or  faults,  so  far  as 
could  be  observed,  but  were  probably  due  to  the  original  Assur- 
ing of  the  rock-mass  by  cooling,  which  has  since  remained 
undisturbed;  that  is,  no  vertical  movement  of  the  walls  has 
taken  place. 

From  the  above  description  it  appears  that  the  fissures  were 
originally  formed  by  cooling,  followed,  in  some  cases,  by  slight 
movements  of  the  rocks  which  caused  the  production  of  breccia 
by  the  attrition  of  the  walls  over  each  other.  This  result  has 
happened,  in  one  observed  case,  at  least  twice.  In  other  cases 
there  was  no  movement  whatever,  and  in  no  case  observed  did 
the  movement  amount  to  more  than  a  few  inches.  Accurate 
observation  concerning  the  amount  of  movement  in  volcanic 
rocks,  especially  if  they  have  been  badly  altered  by  decompo- 
sition, is  extremely  diflicult,  if  not  impossible. 

A  movement  of  only  a  few  inches,  or  at  most  a  few  feet,  is 
inferred  here  because  there  has  clearly  been  no  movement  in 
some  of  the  veins ;  and  while  there  is  brecciation  of  the  walls 
in  other  veins,  there  is  not  enough  variation  in  the  width  of 
any  one  of  them  to  indicate  extensive  movement. 

The  quartz-filling  of  the  veins  and  the  silicification  of  the 
walls  certainly  did  not  take  place  until  all  movement  had 
ceased,  and  since  then  there  has  been  little  or  no  movement,  so 
far  as  has  yet  been  observed. 

In  one  or  two  veins  there  is  a  little  gouge  occuring  irregu- 
larly on  one  or  the  other  of  the  walls,  which  indicate  some 
slight  movement  of  that  wall.  This  gouge  is  nearly  pure 
kaolin,  and  in  no  observed  locality  did  it  cross  the  vein  of 
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quartz  to  the  other  wall ;  moreover,  it  was  not  great  in  amount; 
hence,  at  best,  the  movement  was  onlv  a  slight  one.  The  Star- 
light-Grey Eagle  junction  ma}^  or  may  not  be  a  cross-fissure. 
If  it  is,  the  Assuring  was  previous  to  the  filling  of  the  vein. 
The  values  are  gold  and  silver.  The  gold  occurs  native  in 
minute  specks,  and  to  a  small  extent  in  pyrite.  The  silver 
occurs  mainly  as  a  black  sulphide,  argentite,  with  cerargyrite 
in  small  grains  sparingly  disseminated  in  places  near  the  out- 
crops. The  values  are  not  at  all  regularly  distributed,  but 
occur  in  irregular  patches  of  no  definite  outline,  and  which 
vary  in  size  up  to  a  few  hundred  feet  along  the  vein  to  a  hun- 
dred or  more  in  depth.  The  width  of  the  veins  varies  from  a 
few  feet  up  to  12  feet.  Mineralized  zones  occur,  however,  of 
much  greater  width. 

VII.  Summary. 

The  Mojave  district  is  of  volcanic  origin,  and  has  been 
formed  by  two  eruptions,  the  first  of  quartz-porphyry  and  the 
second  of  rhyolite.  The  underlying  country-rock  is  granite. 
After  all  volcanic  action  had  ceased,  fissuring  took  place,  fol- 
lowed by  deposition,  from  a  rising  solution,  of  the  quartz  with 
the  gold-  and  silver-minerals,  thus  forming  the  veins. 

The  eruptives  are  very  greatly  altered,  so  much  so  that,  with 
few  exceptions,  their  original  minerals  are  changed  beyond  rec- 
ognition. The  general  form  of  alteration — the  original  min- 
erals being  quartz,  orthoclase,  some  other  feldspar,  probably 
albite  and  biotite,  with  pyrite  and  perhaps  some  other  minerals 
as  accessories — is  that  which  is  typical  of  the  belt  of  weather- 
ing in  arid  regions ;  namely  : — 

1.  The  feldspar  was  altered  to  kaolin  and  quartz,  with  the 
loss  of  potassium,  calcium  or  sodium,  as  the  case  may  be. 

2.  The  original  quartz  remained  as  such. 

3.  The  biotite  was  altered  to  kaolin  with  the  probable  forma- 
tion of  serpentine  and  gibbsite,  although  no  gibbsite  was  ob- 
served. 

■4.  The  pyrite,  gold-  and  silver-minerals  went  through  the 
orthodox  cycle  of  changes.  The  values  in  the  early  history  of 
the  veins  probably  were  ver}-  evenly  distributed. 

Since  the  formation  of  the  veins,  however,  considerable  ero- 
sion has  taken  place,  with  the  consequent  lowering  of  the  out- 
crop  and  also  of  the  water-level.     Secondary  enrichment  has 
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taken  place  in  portions  of  the  vein  by  the  well-known  phenom- 
ena of  downward  concentration,  caused  by  the  leaching  of  the 
values  from  the  upper  portion  of  the  vein,  and  their  deposition 
at  a  lower  level,  at  or  near  the  ground-water  level. 

No  mine,  with  the  possible  exception  of  the  one  on  Bowers 
hill,  has  reached  the  ground-water  level;  hence,  nothing  can 
be  said  of  the  veins  below  that  level,  or  of  the  further  distance 
necessary  to  sink  in  order  to  reach  it. 

There  is  no  reason  why  the  mineralization  of  the  veins  should 
not  continue  into  the  granite,  since  in  this  district  the  wall- 
rocks,  being  of  a  like,  if  not  identical,  chemical  composition, 
and  varying  only  in  the  degree  of  their  crystallization,  posses- 
sion or  non-possession  of  flow-lines,  etc.,  can  have  had  no  dif- 
ferential effects  on  the  deposition  of  the  ores  in  different  parts 
of  the  vein.  The  portions  enriched  by  downward  concentra- 
tion, which,  at  present,  form  the  pay-portions  of  the  veins,  can 
certainly  be  expected  to  end  when  the  ground-water  level  is 
reached.  Whether  it  will  pay  to  work  the  veins  below  that 
level — at  present  unknown — is  a  problem  which  can  be  solved 
only  by  actual  trial. 
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Notes  on  Southern  Nevada  and  Inyo  County,  California. 

BY  H.   H.  TAFT,  DENVER.   COLO. 

I.  Introduction. 

The  mining  possibilities  of  the  volcanic  area  south  of  Bel- 
mont, Nje  county,  Nevada,  have  long  been  known.  Some  of 
the  old-time  prospectors  knew  that  gold  existed  there.  Its  re- 
moteness from  any  source  of  supplies,  its  long  distances  from 
water,  the  absence  of  game,  and  more,  perhaps,  the  lack  of 
grass  for  animals  to  subsist  upon,  has  made  this  an  unattractive 
region  in  which  to  search  for  mines. 

The  decline  of  the  Comstock  mines,  the  exhaustion  of  sun- 
dry large  and  rich  ore-bodies,  the  high  cost  of  mining,  market- 
ing, and,  particularly,  the  ruinously  high  freight-charges  upon 
refractory  ore  that  had  to  be  shipped  to  distant  smelters,  have 
kept  investors  out  of  Xevada  for  the  last  few  years ;  and  min- 
ing people  have  hardly  yet  awakened  to  the  importance  of  To- 
nopah,  Goldfield,  and  perhaps  the  newer  and  less  developed 
districts. 

The  discovery  of  Tonopah  by  J.  L.  Butler,  who  located  the 
Mizpah  claim  in  May,  1900,  and  the  fortunes  soon  realized 
there,  attracted  many  people.  As  the  boom  declined,  many 
went  away,  some  scattering  out  into  the  surrounding  country, 
and  the  population  is  now  about  7,000.  In  the  fall  of  1902  a 
discovery  of  gold  was  made  23  miles  south,  in  what  is  now 
known  as  the  Sandstorm  group,  4  miles  NW.  of  Goldfield.  In 
the  winter  of  1903-4  the  Combination,  January  and  Florence 
mines  were  discovered,  and  shipments  of  high-grade  ore  soon 
followed.  In  January,  1905,  there  were  10,000  people  in  Gold- 
field. 

In  June,  1904,  rich  gold-ore  was  found  85  miles  SE.,  at  the 
foot  of  the  south  end  of  the  Kawich  mountains,  but  this  dis- 
covery was  kept  quiet  until  a  re-location  could  be  made. 

On  August  10,  1904,  the  Bullfrog  claims,  and  a  month  later 
the  Ladd  mountain  and  neighboring  claims,  were  located.  The 
Shoshone  group  was  located  September  24,     This  district  is 
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from  60  to  80  miles  SE.  of  Goldfielcl.  In  September,  1904, 
there  was  a  stampede  for  Bullfrog  and  Gold  Crater — the  latter 
a  small  area  21  miles  east  of  Goldiield.  Two  mining  districts, 
called  Beatty  and  Bullfrog,  were  organized  under  the  laws  of 
Nevada.  Later,  overflow  migrations  poured  into  the  old  and 
abandoned  districts  of  Lida  (or  Allida),  Tule  Canon,  State  Line 
and  Silver  Peak,  and  others  more  remote. 

During  the  winter  of  1904-5  the  desert  seemed  full  of 
people.  All  sorts  of  outfits  traversed  unfrequented  roads — 
men  afoot  and  alone,  "burro  men,"  carriages,  wagons  and 
automobiles.  The  inevitable  reaction  of  such  a  furor  is  no 
doubt  deplorable;  yet  the  rapid  development  of  any  new  min- 
ing region  depends  upon  the  excited  "  tenderfoot  "  rather  than 
the  conservative  mine-operator.  At  Goldfield,  it  was  "  a  sight 
to  see."  There  were  hundreds  of  people  walking  over  the 
hills,  many  with  a  canteen  of  water  slung  over  one  shoulder, 
while  a  small  iron  mortar  hung  to  the  other,  and  a  pestle,  a 
pick  and  a  5-in.  frying-pan  constituted  the  equipment  for 
sampling,  grinding  and  testing.  The  rock  is  soft  and  the  gold 
at  the  surface  is  free. 

There  is  no  very  good  map  of  this  region.  The  best  is  that  of 
the  U.  S.  Geological  Survey^ ;  but  this  and  the  Land-Ofiice  maps 
are  incorrect,  particularly  in  the  topography  between  "Lost 
valley,"  the  northwest  arm  of  Death  valley,  and  Owens  Lake. 
A  correct  map  of  Inyo  county,  Cal.,  has  been  made  b}'  the 
County  Surveyor.  A  very  useful  map,  particularly  of  the 
country  farther  south,  is  issued  by  Mr.  Crowell,  of  Vegas,  Nev. 

The  high  Panamint  range  is  usually  mapped  with  about 
twice  its  actual  length.  It  ends  at  latitude  36°30'  north.  A 
wagon-road,  from  Furnace  creek  in  Death  valley  to  Ballarat  in 
the  Panamint  valley,  follows  around  this  mountain  at  its  base. 
The  geological  maps  would  be  far  more  useful  to  prospectors 
if  the  older  tertiary  volcanics  were  separated  from  the  recent 
ones.  A  good  map  showing  the  potable  waters  would  save 
much  suffering,  and  perhaps  some  lives,  this  summer.  The 
springs  should  be  marked  by  the  Government.  So  far  this 
year  about  30  lives  have  been  lost  on  account  of  thirst  in  that 
desert  region. 

1  Bulletin  No.  208,   U.  S.  Oeological  Survey  (1903). 
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Tonopah  is  6,000,  Goldfield  5,500,  and  the  Bullfrog  region 
from  3,500  to  4,000  ft,,  above  sea-level.  The  climate  at 
Goldfield  is  much  the  same  as  that  at  Pueblo,  Colo.,  except 
that  the  rain-fall  is  less  than  half.  The  topographical  variation 
is  not  great  in  Xevada,  the  summits  of  the  mountain  ranges 
are  rarely  more  than  2,000  or  3,000  ft.  above  the  surrounding 
deserts.  Injo  county,  Cal.,  is  diiferent,  being  remarkable  for 
deep  valleys  and  high  precipitous  mountains.  The  altitude  of 
Owens  Lake  is  3,575  ft.,  and  the  Sierra  Xevada,  a  few  miles  west, 
reaches  an  elevation  of  14,522-  ft.,  above  sea-level.  The  Pana- 
mint  peaks  rise  to  11,000  ft.,  while  Death  valley,  opposite  these 
peaks,  and  but  a  few  miles  east,  is  below  sea-level.  On  the 
west,  the  Panamiut  valley  is  1,100  ft.  above  tide,  while  Saline 
and  Butte  valleys  are  not  far  from  sea-level.  Roughly  speak- 
ing, 600  ft.  in  elevation  is  equivalent  to  1  degree  in  latitude; 
moreover,  a  deep  valley  has  not  the  circulation  of  air  that  pre- 
vails on  the  table-lands.  Hence  this  is  a  region  of  extremes  of 
wind  and  calm,  heat  and  cold,  both  diurnal  and  annual.  The 
storms  of  winter  seem  to  blow  through  one  and  to  take  all 
warmth  away ;  yet  on  a  summer  da}',  without  any  shade,  down 
in  one  of  these  deep  valleys  protected  by  high  mountains  from 
the  prevailing  winds,  it  is  hotter  than  in  any  other  part  of  the 
American  continent.  The  maximum  temperature  at  Furnace 
Creek  ranch,  in  Death  valley,  is  said  by  those  who  live  there 
to  be  127°  F.  The  extraordinary  amount  of  detritus  brought 
down  through  every  little  gulch  indicates  terrific  cloud-bursts. 

Life  would  not  be  so  intolerable  in  these  valleys  in  the  sum- 
mer season  if  our  people  would  learn  more  of  the  Mexicans. 
Americans  even  go  across  the  border  into  Mexico  and  farther 
south  with  their  light  board  houses,  low  ceilings  and  thin  roofs. 
Thick  stone  or  adobe  buildings  with  high  ceilings  and  thick  or 
double  roofs  are  always  comfortable.  The  good  climate  of 
the  whole  year  in  Tonopah  and  Goldfield  is  much  appreciated 
by  the  mining  men  who  have  come  from  the  tropics,  Alaska, 
British  Columbia,  and  the  higher  altitudes  of  Colorado. 

Montezuma  mountain,  8  miles  west  of  Goldfield  (altitude 
8,000  ft.),  is  ever  green  with  piiion  and  scrubby  pine,  with  a 
little  cedar  and  juniper  around  the  edges.  It  is  remarkable 
how  closely  one  can  estimate  the  elevation  through  the  entire 

^  Mt.  Whitney. 
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Rocky  Mountain  region  by  noting  the  vegetation.  The  Mon- 
tezuma Mountain  timber-belt  extends  SW.  to  the  White  moun- 
tains, and  to  the  Fish  Lake  range.  The  north  end  of  the 
Grapevine  range  is  also  covered  with  timber.  Cord-wood  sells 
in  Tonopah  and  Goldlield  at  $16  per  cord;  at  Bullfrog  the 
price  is  $25.  Below  the  timber  there  is  considerable  sage 
brush,  with  a  few^  cacti  and  some  yucca  palms,  locally  known 
as  Joshua  trees.  The  desert  is  often  green  with  several  varie- 
ties of  desert  brush  having  different  local  names, — a  short, 
stunted  growth  of  no  value,  which  gives  the  valleys  the  appear- 
ance of  being  more  fertile  than  they  reall}'  are.  A  strange 
feature  is  the  almost  entire  absence  of  grass.  At  the  head  of 
the  Amargosa  and  southward,  "  creosote "  brush  and  other 
desert  grow^ths  are  the  same  as  one  sees  in  northern  Chihuahua, 
western  Texas,  and  in  New  Mexico,  wdiich  is  good  grazing 
country.  Old-timers  say  that  this  was  not  so  once,  but  that 
several  years  ago  a  drought  killed  all  vegetation  that  could  be 
used  as  fodder.  Along  the  w^ater-courses,  such  as  the  Oasis  val- 
ley, at  Ash  meadows,  in  the  Death  valley,  Panamint,  and  others 
where  there  is  water,  salt  and  wire  grass  present  a  meadow-like 
appearance,  but  wnll  barely  keep  cattle  from  starving.  Along 
the  water-courses,  wdllows,  cottonwood,  and  to  the  south,  screw- 
bean  and  mesquite,  grow.  The  last,  which  is  an  excellent 
fuel,  is  by  common  consent  left  to  the  Indians.  Sometimes 
there  are  in  the  valleys  large  areas  devoid  of  vegetation,  with 
the  ground  so  hard  that  a  wagon  leaves  but  a  slight  track. 
Along  the  low  ridges  the  wnnd  has  blown  away  the  soil  and 
arranged  the  pebbles  so  as  to  appear  like  a  miOsaic. 

The  traveler  usually  takes  the  "  Overland  Limited  "  to  Reno, 
Nev.,  then  the  Virginia  and  Truckee  railroad  41  miles  to 
Mounfl  House,  the  Carson  and  Colorado  137  miles  to  Soda- 
ville,  and  the  Tonopah  railroad  66  miles  to  Tonopah.  The 
Carson  and  Colorado  was  a  narrow-gauge  road  with  light  rails 
and  limited  equipment,  completed  to  Keeler,  Inyo  county,  Cal., 
in  1881.  It  w^as  a  barren  investment  until  latel}',  wdien  the 
Southern  Pacific  Co.  obtained  control  of  it,  and  of  the  narrow- 
gauge  road  from  Sodaville  to  Tonopah,  reconstructing  both  to 
broad  gauge,  just  in  time  to  reap  the  benefits  of  the  Tonopah 
rush.  During  the  past  winter  this  wdiole  road  has  been  swamped 
with  freight.    For  6  months  there  w^ere  from  500  to  1,000  cars 
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awaiting  trans-shipment  in  the  various  yards  near  Reno.  From 
Tonopah  to  Golclfield  both  stages  and  automobiles  were  form- 
erly running, — the  latter  making  the  distance  of  27  miles  in  2 
hours.  All  this  is  now  changed,  and  the  traveler  can  leave  the 
main  line  of  the  Central  Pacific  in  a  broad-gauge  car  that  will 
take  him  through  from  San  Francisco  to  Tonopah  and  Gold- 
field. 

Surveys  have  been  made  and  there  is  much  talk  of  railroads 
from  the  south.  A  fixctor  in  this  situation  is  furnished  by  the 
large  deposits  of  colemanite  (calcium  borate)  between  Amar- 
gosa  and  Death  valleys.  A  railroad-route  presenting  no  spe- 
cial difficulty  runs  from  Vegas  on  the  "  Clark  "  road  to  Gold- 
field,  via  Beatty.  The  distance  to  Ash  Meadows  is  90  miles ; 
thence  it  is  45  miles  up  the  valley  to  the  Bullfrog  district,  and 
35  miles  diagonally  across  (south)  to  the  most  developed  of  the 
borax-mines. 

The  outfit  for  a  trip  through  this  section  requires,  as  a  usual 
rule,  1  lb.  each  of  vegetable  and  animal  food  per  day  per  man, 
and  14  lb.  of  hay  and  12  lb.  of  grain  per  horse  per  day.  A 
larger  amount  of  alfalfa,  with  a  smaller  amount  of  barley,  can 
be  fed.  Mules  are  preferable  to  horses,  because  they  are  more 
hardy  and  eat  and  drink  less.  In  a  country  where  evaporation 
is  so  great  (an  acre  of  tanks  will  evaporate  1,700  gal.  per  day), 
a  team  of  horses  will  require  about  15  gal.,  say  120  lb.,  of  water 
per  day,  and  in  the  heat  of  the  summer,  more.  Where  there  is 
running  water  in  the  winter,  there  is  nothing  but  a  dry  "arroyo" 
in  the  summer;  indeed,  in  a  channel  where  there  is  a  stream  of 
running  water  in  the  morning  suflicient  for  stock,  it  may  be 
dry  and  even  dusty  at  sundown. 

A  good  assaying-equipment  suflicient  for  1,000  assays  will 
weigh  500  lb,  and  require  5  cases  of  gasoline.  A  portable 
balance  sensitive  to  0.005  mg.  can  be  had,  and  is  best  in  that 
it  enables  one  to  reach  a  desired  degree  of  accuracy  with  less 
of  fluxes  and  a  smaller  weight  of  crucibles. 

The  people  are  very  kind  about  giving  information  as  to 
water  and  roads;  but  such  information  is  often  inaccurate. 
Nye  county,  I^ev.,  has  had  sign-boards  put  up  at  cross-roads; 
and  some  of  the  freighters,  also,  are  thoughtful  enough  to  leave 
some  mark  or  sign. 
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II.  From  Vegas  to  Ash  Meadows. 

For  about  90  miles  the  road  follows  a  succession  of  desert 
valleys.  The  Las  Vegas  mountain,  north,  and  the  Charleston 
mountain,  south,  both  of  Carboniferous  limestone,  are  little 
disturbed,  but  the  small  spurs  west  are  considerabl}'  contorted. 
About  12  miles  NE.  of  Ash  Meadows,  north  of  the  road,  the 
limestone  beds  are  tilted  and  underlain  by  quartzite;  and  a 
little  south  of  the  road  there  is  a  small  area  of  basaltic  lava 
which  has  overflowed  a  recent  volcanic  tuif.  For  a  distance  of 
from  2  to  20  miles  SE.  of  Ash  Meadows  there  is  considerable 
quartzite.  Although  prospectors  report  some  lead  and  copper, 
the  region  is  unattractive  on  account  of  the  absence  of  eruptive 
rocks.  On  the  NW.  slope  of  Charleston  mountain  are  two  old 
mining  districts,  the  Montgomer}^  (now  known  as  the  Johnny) 
and  the  Stirling.  These  districts,  abandoned  for  some  years, 
have  now  taken  on  new  life.  The  ore  is  gold-quartz,  with  a 
little  pyrite  and  chalcopyrite. 

III.  The  Amargosa  Desert. 

This  desert  valley  is  about  100  miles  long,  and  forms  with 
Death  valley  a  long  narrow  U,  extending  NW.-SE.  The  upper 
end,  4,000  ft.  above  sea-level,  is  formed  by  the  joining  of  the 
Grapevine  and  the  Amargosa  mountains;  the  former  is  the 
northern  boundary  of  Death  valley,  and  the  latter  contains  the 
Bullfrog  mining  region.  The  Amargosa  is  cut  through  by  the 
Oasis,  a  narrow  valley  in  which  are  numerous  springs  and  a 
little  running  water.  Opposite  the  Oasis,  the  Amargosa  is  12 
miles  wide;  farther  south  it  widens  rapidly.  Between  the 
mouth  of  Forty  Mile  canon  and  the  Funeral  range  it  is  30 
miles  wide.  Here  the  road  is  so  dry  and  sandy  that  freighters 
have  to  "  double,"  and  then  can  only  travel  at  half  the  usual 
rate  of  speed.  The  roadside-graves  and  skeletons  of  draught- 
animals  are  mute  witnesses  of  the  hardships  here  experienced. 
An  enormous  sand  dune  shows  that  the  contour  of  the  moun- 
tains has  some  peculiar  effect  upon  the  winds. 

Forty-five  miles  SE.  of  the  Oasis  valley  is  a  series  of  springs. 
The  general  locality  is  known  as  Ash  Meadows.  Here  the 
valley  is  15  miles  wide  from  the  meadows  to  the  Funeral  range. 
In  a  distance  of  6  miles  there  are  four  springs  flowing  about  50 


184       NOTES    ON    SOUTHERN    NEVADA    AND    INYO    COUNTY,  CAL, 

miners'  inches  of  water  each,  and  a  number  of  smaller  ones. 
The  temperature  of  the  water  in  the  larger  springs  is  76°  F. 
and  in  one  of  the  smaller  ones  94°  F,  All  these  waters  carry 
a  large  proportion  of  sodium  carbonate,  a  remarkable  amount 
of  aluminum,  a  little  borax  and  a  small  amount  of  sulphates. 
From  the  southerly  spring  a  stream  flows  for  a  distance  of  from 
5  to  20  miles,  depending  upon  the  season.  Below  these  springs 
there  are  large  areas  of  apparently  good  meadow-land ;  but  the 
rushes,  salt  and  wire  grass  are  of  little  value  as  fodder. 

Pahrump  ranch  is  30  miles  SE.  of  Ash  Meadows ;  and  6  miles 
farther  is  the  Manse.  These  ranches  are  veritable  oases;  and 
the  extraordinary  market  which  they  enjoyed  last  winter  for 
fodder,  vegetables  and  fruit  was  a  godsend  to  their  owners. 

IV.  Bullfrog  Mining  District. 

At  the  head  of  the  Amargosa  desert,  the  Grapevine  range, 
3,000  ft.  above  the  valley  east,  and  7,000  ft.  above  Death  valley 
west,  is  flanked  east  by  recent  volcanic  tufi:s.  Along  the  sum- 
mit occur  limestones  and  quartzites  dipping  east,  and  a  lime- 
conglomerate,  carrying  granite,  diorite  and  quartz,  such  as 
occur  many  miles  north. 

The  Amargosa  range,  lying  between  the  south  end  of  the 
Ralston  desert  and  the  NW.  end  of  the  Amargosa,  is  formed 
by  a  series  of  tufis  superimposed  upon  limestone.  The  various 
members  of  the  volcanic  series  occur  with  the  regularity  of 
sedimentary  strata,  and  the  upper  (consequently  more  recent) 
ones  are  highly  colored.  They  dip  from  10°  to  20°  NE.  An 
extensive  block-faulting  has  exposed  the  edges  of  the  various 
flows,  particularly  from  the  west,  the  escarpment  being  on  that 
side.  About  2  miles  west  of  the  Bullfrog  mine  is  a  small  hill 
of  gneiss,  overlain  by  strata  of  chloritic  slates,  quartzites,  lime- 
stones, and  tufts,  dipping  flat  to  the  east. 

On  August  10,  1904,  two  claims  were  located  as  Bullfrog 
No.  1  and  No.  2.  From  August  10  to  September  14,  1904,  a 
large  number  of  claims  were  located  on  what  are  now  known 
as  Ladd  and  Bonanza  mountains,  about  3  or  4  miles  SE. 

The  Bullfrog  Mining  Co.  was  formed  to  take  up  a  group  of 
Ladd  Mountain  claims ;  and  later,  the  first  discovery  of  the  dis- 
trict was  transferred  to  a  new  corporation,  The  Original  Bull- 
frog Mining  Syndicate.    A  mile  south  of  the  Original  Bullfrog 
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property  some  claims  were  staked  ofl",  surveyed  and  sold  as  lots 
under  the  name  of  "Bullfrog  town."  Amargosa,  a  mile  fur- 
ther south,  aspired  to  be  the  metropolis.  Out  on  the  desert 
west  of  Ladd  mountain  the  same  thing  was  done;  and  the 
"  town "  was  named  Bonanza.  Four  miles  from  the  latter 
place,  in  the  Oasis  valley,  on  the  bank  of  a  stream  of  running 
water,  the  town  of  Beatty,  named  for  a  ranchman  living  a  mile 
above,  was  laid  out,  and  soon  became  the  most  populous  place. 
Three  miles  below  Beatty  a  group  of  tents  bore  the  name  of 
Gold  Center.  In  March,  1905,  in  a  cove  made  by  the  desert 
in  the  Amargosa  mountain,  between  Bonanza  and  Ladd  moun- 
tains, Rhyolite  was  laid  out,  and  Bullfrog  and  Bonanza  moved 
to  it.     This  place  is  5  miles  from  Avater. 

About  10  miles  SW.  of  where  Oasis  valley  breaks  through 
the  Amargosa  range,  the  clifis  are  of  limestone  which  pitches 
west  and  is  soon  buried  beneath  the  soil  and  the  volcanic  tutfs 
that  have  probably  borne  it  down.  In  several  places  the  con- 
tact is  exposed,  and  there  are  evidences  of  a  flow  of  water  not 
accompanied  by  a  siliceous  deposition,  except  in  and  near  the 
Bullfrog  claims.  Between  Ladd  mountain  and  the  Oasis  creek 
there  is  a  place  where  there  has  been  a  considerable  spring  on 
the  contact.  Boulders  of  granite  3  in.  in  diameter  are  scat- 
tered over  an  area  100  ft.  square.  There  is  no  silicification  and 
no  mineral.  The  Bullfrog  claims  cover  an  immense  outcrop 
that  can  be  seen  for  miles,  and  are  only  3  miles  from  a  spring 
that  has  been  frequented  by  prospectors  for  30  years  or  more. 
The  white  quartz  lies  like  a  crescent  around  a  small  dome- 
shaped  hill,  following  the  contact  which  dips  30°  K  60°  W. 
into  the  hill.  This  quartz  has  a  maximum  thickness  of  nearly 
100  ft.,  and  is  generally  massive,  though  sometimes  there  are 
large  slightly  amethystine-tinted  crystals  with  a  eonchoidal 
base.  A  later  cracking  has  occurred,  with  a  flow  of  water  de- 
positing copper  sulphides  and  the  precious  metals.  Wherever 
a  green  stain  occurs  visible  gold  can  usually  be  found. 

The  other  properties  of  this  district  are  entirely  different,  re- 
sembling somewhat  those  of  Goldfield.  There  has  been  a 
nearly  vertical  flssuring,  followed  by  a  flow  of  water  heavily 
charged  with  silica,  filling  the  fissures  and  soaking  into  the 
country-rock.  One  can  find  all  gradations  from  pure  cpiartz  to 
slightly  silicified  country-rock.    These  are  the  so-called  rhyolite 
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dikes.  The  conn  try-rock  itself  had  a  slight  mineralization, 
which  this  silicitication  did  not  increase.  A  secondary  and 
much  less  extensive  cracking  and  inflow  of  siliceous  waters 
occurred,  which  deposited  the  gold.  The  veins  are  nearly  ver- 
tical, strike  N.  10°  to  30°  E.,  are  sometimes  thin  seams,  some- 
times several  feet  in  thickness,  and  again  wide  zones  of  stock- 
werk.  The  better-formed  are  calcareous  and  slightly  stained 
with  manganese.  There  are  many  of  these  veins,  and  they 
were  easily  found ;  but  to  discover  ore-shoots  in  them  is  quite 
a  difl'erent  matter.  The  amount  of  work  done  in  both  this 
district  and  Goldtield  during  the  past  winter  has  been  remark- 
ably small. 

An  interesting  and,  to  the  prospector,  a  very  important  phe- 
nomenon is  the  covering  of  these  veins.  The  older  tuffs  are 
mineralized  and  the  more  recent  (upper)  are  not;  the  older  are 
basic,  while  in  the  upper  there  is  a  flow  of  rhyolite.  At  Tono- 
pah  it  is  quite  noticeable  that  the  rhyolite  is  more  recent  than 
the  "  mineralized  porphyry."  The  regularity  of  the  eruptions 
and  the  exposure  of  the  edges  of  the  often  highly  colored  strata 
make  this  an  ideal  place  -to  study  this  phenomenon. 

V.  Funeral  Range. 

The  Grapevine  and  Funeral  ranges  are  practically  the  same. 
Old-timers  do  not  agree  as  to  the  dividing  line.  With  the 
mountains  south,  they  form  the  eastern  boundary  of  Death 
valley.  There  has  been  much  searching  in  this  range  for  the 
lost  Breyfogle  mine,  one  of  the  romances  of  the  desert.  Ex- 
cept in  one  place,  both  ranges  are  poor  prospecting-ground. 
The  general  formation  is  quartzite  and  limestone  overlain  by 
immense  deposits  of  recent  conglomerate.  In  the  north  end  of 
the  Funeral  range  there  is  a  development  of  green  shales,  iden- 
tified elsewhere  as  Cambrian.  These  shales  usually  carry  white 
glassy  quartz,  which  is  rarely  mineralized;  but  in  this  case 
there  are  ore-shoots,  carrying  suflicient  gold  to  make  the  dis- 
trict attractive  if  wood  and  water  were  more  available.  One 
property  has  recently  been  thoroughly  developed  under  bond, 
in  this  district. 

To  the  south,  the  range  ends  abruptly,  near  where  the  wagon- 
road  from  Ash  Meadows  to  Furnace  creek  crosses.  The  divi- 
sion along  the  dry  water-courses  followed  b}^  this  road  is  re- 
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markable;  they  have  large  boiiklers  of  quartzite  and  limestone 
north,  and  on  the  other  side  black  and  brown  lava.  Sonth,  the 
topography  is  broken  and  mountainous,  but  shows  no  distinct 
range.  Green  mountain,  still  farther  SW.,  is  another  field  for 
prospectors.  One  small  stamp-mill  is  running  at  the  foot  of 
this  mountain  on  the  Death  valley  side.  Still  farther  south, 
the  drainage  of  the  Amargosa  cuts  through  into  Death  valley. 

VI.    GOLDFIELD. 

The  tuii's  (andesite)  of  this  district  probably  lie  upon  lime- 
stone, elsewhere  identified  as  Cambrian.  On  the  southwest 
side  of  Columbia  mountain  is  an  outcrop  of  dark  limestone, 
evidently  overflowed  by  eruptives.  In  the  Tonopah  Club  claim 
the  ore  is  a  siliceous  sedimentary  that  has  the  appearance  of 
limestone,  through  which  gold-bearing  solutions  have  perco- 
lated, leaving  enough  of  the  precious  metal  to  make  it  possible 
to  sort  out  some  shipping-ore. 

The  country-rock  shows  more  mineralization  than  in  the 
southern  district,  and  has  been  much  more  disturbed  since  the 
mineral  deposition.  There  are  three  large  intrusions  of  alas- 
kite,  and  a  great  many  dikes  of  a  green  rock,  probably  decom- 
posed trap,  which  is  closely  associated  with  the  original  ande- 
site. Standing  upon  one  of  the  intrusions.  Vindicator  moun- 
tain, one  can  see,  both  from  the  workings  and  the  color  of  the 
country -rock,  that  the  mineralized  'area  takes  the  form  of  a 
ring.  It  is  yet  a  question  whether  the  central  part  will  prove 
of  value  or  not.  Outside,  the  field  is  completely  surrounded 
by  more  recent  tufi's,  overflowed  on  the  west  side  by  dark  ba- 
saltic lava,  which  forms  a  mesa  some  4  miles  square  between 
Goldfield  town  and  Montezuma  mountain. 

The  topography  presents  simply  hills,  with  higher  hills  or 
low  mountains  around  them,  except  to  the  north,  which  opens 
out  to  the  San  Antonio  desert.  Montezuma  mountain  (alti- 
tude 8,000  ft.)  is  8  miles  west.  The  old  Montezuma  lead-sil- 
ver district  is  on  the  west  slope  of  this  mountain.  The  cast- 
ings in  the  10-stamp  mill  and  36-in.  water-jacket  furnace  bear 
the  date  of  1886.  At  Lida,  a  boiler-front  recently  re-set  was 
cast  in  1866. 

Very  prominent  geological  features  are  the  reefs  of  silicified 
country-rock,  usually  called  rhyolite  dikes,  found  all  over  the 
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district,  but  more  numerous  to  the  south  and  east.  They  are 
sometimes  very  large  (50  ft.),  but  general!}'  about  10  ft.  thick; 
and  they  extend  in  all  directions  without  regularity,  frequently 
crossing  each  other.  They  are  sometimes  2,000  or  3,000  ft. 
long,  and  again  but  a  few  feet,  and  exhibit  all  grades  of  silicifi- 
cation.  On  the  surface  they  are  hard  and  flinty ;  but  under- 
ground, away  from  the  weather,  the  rock,  although  harder 
than  the  andesite,  which  is  quite  soft,  is  not  bad  for  drilling. 
The  phenomenon  of  blackening,  so  noticeable  in  the  desert  and 
recently  described  by  Prof.  Blake,^  is  very  apparent. 

The  gold  was  deposited  by  successive  flows  of  water  in  or 
near  these  reefs,  as  was  the  case  with  the  dikes  at  Victor,  Colo., 
but  there  are  exceptions,  as  in  the  Velvet  and  Tonopah  Club 
claims.  Again,  as  at  Cripple  Creek,  one  often  hears  that  the 
country-rock  shows  value,  and  not  the  veins.  At  the  surface 
the  gold  is  very  free,  and  is  flne  in  both  grain  and  grade.  Be- 
low the  zone  of  oxidation,  the  ores  are  not  yet  thoroughly 
understood.  There  is  probably  considerable  difl:erence  in  the 
different  properties.  It  is  now  certain  that  tellurides  are  pres- 
ent ;  but  the  principal  accompanying  mineral  is,  as  usual,  pyrite. 
Although  there  is  no  copper-stain  near  the  surface,  there  is 
considerable  gray  copper  at  depth.  There  is  rather  more  anti- 
mony than  arsenic,  but  both  are  present. 

It  is  too  early  to  say  what  will  be  the  solution  of  the  metal- 
lurgical problem.  The  low-grade  ores,  of  which  so  little  is 
known  now,  may  be  more  simple  in  their  composition.  The 
Combination  Mines  Co.  has  provided  amalgamation-plates, 
concentrators  and  a  cyanide  plant. 

It  is  not  at  all  easy  to  find  the  small  rich  streaks  and  lenses 
of  ore  that  have  given  Goldfield  its  celebrity,  and  there  is  as 
yet  no  incentive  to  develop  the  low-grade  or  milliug-ores,  which 
will  later  be  the  important  ones.  The  charges  for  freight  and 
treatment  are  now  $32  per  ton. 

The  Jumbo  was  sampled  many  times  and  "  turned  down." 
It  was  bonded  and  a  shaft  was  sunk,  with  no  results.  On  the 
Quartzite,  a  shaft  was  sunk  and  trenching  done,  and  the  prop- 
erty was  given  up.  On  November  10,  1902,  H.  Stimler  and 
"W.  A.  Marsh  camped  at  Rabbit  Spring,  where  Goldfield  now 
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gets  its  water,  and  soon  after  made  locations  in  the  Sandstorm 
section.  In  the  spring  of  1904,  the  Sandstorm  and  Kendall 
claims  were  carefully  explored,  with  no  results.  In  the  Jumbo, 
gold  was  found  by  panning  the  soft  rich  country-rock  close  to 
the  reef,  which  was  rich;  but  the  vein  was  found  later  in  the 
reef,  through  which  it  takes  a  zigzag  course. 

After  the  incorporation  of  the  Jumbo  Mining  Co.,  leases 
were  let  for  the  last  seven  months  of  1904  according  to  the 
custom  of  the  district,  in  blocks  200  ft.  long  by  the  width  of 
the  claim,  royalties  being  set  at  25  per  cent,  of  the  gross  yield. 
These  leases  yielded  over  $1,000,000.  The  best  piece  of  ground, 
200  ft.  long  and  200  ft.  deep,  yielded  in  round  figures  2,000 
tons  of  |350  ore  and  3,000  tons  of  |50  ore.  The  Quartzite 
and  the  Sandstorm  are  now  among  the  active  shippers.  One 
lot  of  14.5  tons  from  the  Kendall  claim  of  the  Sandstorm 
group,  yielded  in  the  mill  |45,785  ;  and  tailings  valued  at 
$1,000  (in  another  report,  $300)  per  ton. 

The  Combination  Mines  Co.  is  the  only  corporation  in  the 
district  that  is  carefully  preparing  for  regular  future  produc- 
tion. Good  buildings  are  under  erection,  a  pipe-line  has  been 
laid  10  miles  to  a  spring,  and  a  well-built  mill  has  been  com- 
pleted. The  principal  vein  is  parallel  to  that  of  the  Jumbo. 
Just  to  the  NW.,  on  a  cross-vein,  is  the  January,  which  has  a 
dump  of  several  thousand  tons  of  milling-ore  awaiting  treat- 
ment. The  Florence  mine,  one  of  the  best,  is  on  another  cross- 
vein  E.  of  the  Combination.  This  group  of  four  mines  is  the 
most  important  in  the  district. 

Four  miles  north  of  Goldfield  town  is  Diamondfield,  about 
1  mile  N.  of  which  occurs  another  group  of  promising  mines 
from  which  some  shipments  have  been  made.  One  of  these 
is  the  Black  Butte,  a  prominent  topographical  feature.  On 
this  property  has  been  developed  ore  of  probably  the  lowest 
grade  ($20)  mined  in  the  district.  A  short  distance  north,  on 
the  slope  of  the  butte,  is  the  Quartzite  "fraction,"  one  of  the 
most  promising  properties  now  shipping  ore.  Half  a  mile  'N. 
is  the  Vernal,  which  has  also  shipped  some  ore.  To  the  north- 
west are  two  very  strong  quartz-reefs,  in  which  very  limited 
prospecting  has  not  yet  developed  any  important  ore-bodies. 

The  explorations  near  the  Sandstorm,  3  miles  W.  of  Dia- 
mondfield, and  a  little  further  from  Goldfield,  have  not  been 
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specially  fortunate,  except  in  the  Tonopah  Club,  which  is  in 
the  low  ground  between  Diamondfield  and  the  Sandstorm. 

Northeast  of  Goldfield  town  some  important  discoveries 
have  been  made ;  and  ore  has  been  shipped,  notably  from  the 
St.  Ives,  a  claim  covering  a  very  prominent  reef  near  the 
Jumbo,  and  from  the  Cimerone.  The  latter  was  found  during 
the  summer  of  1904,  and  the  finder  literally  camped  on  it, 
putting  his  tent  and  bed  over  the  rich  place,  until  he  had  suc- 
ceeded in  buying  the  fractional  claim  from  the  original  locator. 
Then  he  made  the  discovery  public,  and,  in  a  few  weeks,  sold 
out,  it  is  said,  for  $60,000  cash. 

In  March,  1905,  the  town  of  Goldfield,  lying  between  the 
Combination  mine  and  the  mesa  at  the  foot  of  Montezuma 
mountain,  had  an  estimated  population  of  10,000,  and  Colum- 
bia, practically  an  extension  1  mile  XW,,  had  2,000,  and  Dia- 
mondfield about  500.  Goldfield  and  Columbia  are  supplied 
with  excellent  water  by  two  2-in.  pipe-lines.  The  water  comes 
from  under  the  mesa  immediately  west.  The  Combination 
Mines  Co.  has  a  pipe-line  from  the  Warm  Springs.  Twenty 
miles  west  of  Goldfield  is  the  Silver  Peak  marsh,  where  there 
is  an  open  lake. 

Both  at  Bullfrog  and  at  Goldfield  the  situation  is  somewhat 
discouraging.  In  March  last,  scarcely  50  men  were  working 
at  Bullfrog,  and  about  200  at  Goldfield.  While  actual  devel- 
opment was  thus  neglected,  the  industry  of  transferring  to  new 
corporations  groups  of  claims,  good,  bad  and  indift'erent,  and  of 
selling  the  stock  of  such  corporations,  was  active.  All  Amer- 
ican mining  districts  have  passed,  and  will  doubtless  hereafter 
pass,  through  such  a  period. 

YII.  Tonopah. 

The  veins  in  this  district  are  much  stronger  and  more  con- 
densed, and  possess  the  regularity  of  silver-veins,  which  they 
should  be  deemed  to  be,  since  the  values  are  about  two-thirds 
in  that  metal.  The  railroad  has  been  in  Tonopah  only  a  year, 
and  has  been  overwhelmed  with  freight  for  the  newer  districts. 
One  small  mill,  owned  locally,  is  operating.  The  owners  of 
the  developed  properties  do  not  seem  to  think  that  the  time  is 
yet  ripe  for  large  reduction-plants. 

About  1,500  tons  of  high-grade  ore  is  shipped  weekly  to  the 
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smelters,  and,  incidentally,  an  enormous  amount  of  milling-ore 
is  blocked  out.  It  is  said  that  one  company  has  $35,000,000 
in  "  positive  ore."  In  one  of  the  mines  60  ft.  thickness  of 
$28  ore  is  reported.  The  maximum  depth  reached  is  1,000 
feet.    This  district  has  therefore  long  passed  its  doubtful  stage. 

The  country-rock  is  andesite,  so  overflowed  by  more  recent 
volcanics  that  very  little  of  it  is  exposed.  The  explorations 
of  the  past  year  have  gone  through  this  overflow  and  found 
ore  by  drifting  in  the  "  mineralized  j)orphyry  "  below. 

The  development  of  milling,  always  an  expensive  and  inter- 
esting problem,  will  be  unusually  so  in  these  three  districts. 
Their  ores,  though  difl:erent,  are  all  typically  milling-ores,  con- 
sisting of  quartz  with  very  little  base  metal.  Should  smelting 
be  necessary,  there  are  several  flux-producing  districts,  now 
idle,  which  could  be  drawn  upon. 

VIII.  Borax-Deposits. 

South  of  the  Funeral  range,  in  the  region  drained  by  Fur- 
nace creek  and  on  the  Amargosa  side  of  the  mountain,  is  a 
large  development  of  recent  sedimentaries — shales,  clays,  sand- 
stones, and  thin  sheets  of  gypsum.  There  are  a  few  intrusions 
of  andesite,  and  a  heavy  flow  of  black  and  brown  basaltic 
lava.  In  these  sedimentaries  immense  deposits  of  calcium  bo- 
rate occur,  conformable  with  the  strata.  The  most  common 
mineral  is  colemanite.  As  one  might  expect  from  an  element 
possessing  the  peculiar  solubilities  of  borax,  there  are  many 
combinations  of  boric  acid,  lime  and  soda  under  various  min- 
eralogical  names.  There  is  some  question  as  to  the  origin  of 
the  deposits.  The  Pacific  Coast  Borax  Co.  first  obtained  title 
under  the  placer-law,  but  now  favors  lode-locations.  That 
company  has  the  region  pretty  well  "  corralled "  for  borax. 
The  rocks  are  highly  colored.  The  country  is  bare  of  vegeta- 
tion, and  water  is  scarce. 

The  borax-deposits  are  remarkable  in  size  and  purity.  In 
one  place  there  is  an  outcrop  of  calcium  borate  30  ft.  thick. 
At  the  Lila  C.  mine  on  the  Amargosa  side  of  the  range,  35 
miles  from  and  in  sight  of  Ash  Meadows,  is  a  deposit,  from  3 
to  17  ft.  thick,  dipping  about  45°  E.,  and  explored  on  the  sur- 
face for  a  mile.     The  underground  workings  are  in  the  vein  (?) 
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for  a  quarter  of  a  mile.     This  is  the  property  that  Avill  bring  a 
railroad  to  this  section. 

IX.  Death  Valley. 

Much  has  been  written  about  this  valley,  and  a  strange 
amount  of  romance  is  attached  to  it.  The  prospector  could 
easily  find  a  more  promising  field  and  a  less  expensive  place  to 
work  a  mine  in.  It  is  a  long  narrow  valley,  very  deep  and  sur- 
rounded by  high  mountains.  The  Panamint  and  Sentinel  peaks 
reach  an  extreme  elevation  of  11,000  ft.,  while  Death  valley, 
hardly  10  miles  west,  is  two  or  three  hundred  feet  below  sea- 
level.  A  similar  difierence  of  elevation  occurs  80  miles  NW., 
between  the  summit  of  Mount  Whitney  and  Owens  Lake  valley  ; 
only,  the  Owens  Lake  valley  is  not  below  sea-level. 

Under  one  general  name  there  are  three  connecting  valleys : 
Death  valley  proper.  Lost  valley  and  Mesquite  valley.  The 
upper  end  of  the  latter  is  only  about  30  miles  from  Goldfield. 
Instead  of  being  the  horrible  region  usually  reported,  it  is  the 
best  of  the  desert  valleys.  Lying  so  low  and  being  shut  in  by 
surrounding  mountains,  it  is  hot  in  summer;  but  the  winter 
climate  leaves  little  to  be  desired,  particularly  by  those  who  re- 
quire a  dry  atmosphere.  But  a  few  miles  west  there  is  an  ele- 
vation in  the  Panamints,  where  in  the  shade  of  the  pines  the 
traveler  can  be  comfortable,  and  look  into  the  sweltering  valley 
below,  while  a  battery  of  abandoned  charcoal-kilns  might 
make  him  fancy  he  was  summering  near  Lake  Superior. 

The  name  Death  valley  comes  from  the  loss  of  an  emigrant 
train  in  the  lower  end  of  Lost  valley.  The  party  was  on  the 
way  from  Salt  Lake  to  southern  California,  and,  becoming  ex- 
hausted, stopped  to  rest  in  what  appeared  to  be  a  meadow. 
The  salt  and  wire  grass  is  not  nutritious;  the  water  is  saline 
and  carries  enough  sulphates  to  disarrange  promptly  the  hu- 
man digestive  system.  The  spot,  where  it  is  said  about  50 
people  perished,  has  been  dug  over  for  buried  treasure;  and 
last  winter  many  of  the  pits  were  in  brackish  water.  Some 
prospectors,  also,  have  lost  their  lives  in  the  south  end. 

At  the  mouth  of  Furnace  creek,  the  Pacific  Coast  Borax  Co. 
maintains  a  ranch,  having  200  acres  in  alfalfa  and  wheat. 
Twice  a  month  a  16-mule  team  arrives  from  Dagget,  160  miles 
away  on  the  Santa  Fe  railroad.  Three  miles  from  the  ranch 
are  the  old  Coleman  borax-works. 
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Furnace  creek  and  several  streams  south,  usually  dry,  bring 
down  borax  in  solution.  For  a  few  miles  in  width  and  a  length 
of  about  30  miles,  the  lower  part  of  this  valley  looks  like  a 
mud-flat  with  the  tide  out.  These  places  are  locally  called 
marshes,  although  they  have  no  vegetation.  The  borax  is  here 
a  double  borate  of  lime  and  soda,  commonly  called  "  cotton- 
ball." 

A  peculiar  phenomenon,  better  seen  in  this  than  in  the 
other  valleys,  is  the  "  self-rising  ground."  The  soil  carries 
a  large  proportion  of  soluble  salts,  sodium  carbonate,  sodium 
chloride,  and  various  sulphates  and  borates.  Evaporation  is 
excessive;  the  subsoil  is  moist,  being  constantly  supplied  by 
springs ;  and  capillary  attraction  brings  the  salts  to  the  sur- 
face. This  does  not  go  on  evenly,  but  forms  hummocks,  some- 
times 2  or  3  ft.  high,  hard  on  the  surface  and  soft  beneath, 
making  a  bad  and  sometimes  dangerous  ground  to  walk 
across.  The  same  natural  forces  have  caused  the  surface-enrich- 
ment of  some  mineral-veins  in  the  desert,  particularly  veins  of 
copper-ore. 

The  atmosphere  in  the  valley  is  remarkably  clear  and  pos- 
sesses the  resonance  so  noticeable  above  timber-line.  There  is 
no  truth  in  the  story  about  birds  and  animals  dying  in  attempt- 
ing to  cross  the  valley.  The  Indians  and  the  Borax  Co.  keep 
several  hundred  head  of  cattle  and  some  mules  and  horses 
about  the  mouth  of  Furnace  creek;  and  rabbits,  quail  and 
other  small  game  can  be  found. 

X.  Panamint  Range. 

This  range  is  unusually  high  and  precipitous,  starting  at  sea- 
level  instead  of  several  thousand  feet  above,  as  most  other  high 
ranges  do,  and  having  no  foot-hills.  The  rocks  are  green  slates, 
mica  schist,  quartzite  and  limestone.  On  the  west  side  is  an 
intrusive  granite  which  has  tilted  the  whole  formation,  the 
larger  part  of  it  to  the  east.  The  green  slates  carry  fine-look- 
ing quartz ;  but  so  far  it  has  not  been  found  to  carry  values. 
On  top  of  the  range  are  large  areas  of  recent  conglomerate 
and  basaltic  lava. 

Panamint  City  once  had  6,000  people,  but  is  now  reduced  to 
a  few  old-timers,  who  say  it  will  soon  start  again  and  make 
"the  greatest  camp  on  earth."     The  ores  are  of  silver — refrac- 
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tory  and  heavy,  with  a  barytic  gaiigue.    The  railroad  is  90  miles 
away. 

On  the  west  side  of  the  mountain,  every  gulch  for  46  miles 
has  some  sort  of  a  mining  equipment,  usually  a  small  stamp- 
mill,  idle,  and  owned  by  some  Los  Angeles  company.  The 
first  question  asked  of  strangers,  is  "  Are  you  from  Los  Ange- 
les ?"     It  is  best  to  answer,  "  Xo  !" 

XL  Lead-Mines. 

South  of  the  Amargosa  there  are  some  lead-ores  and  two 
large  deposits  of  iron-ore.  They  are  too  far  from  a  railroad  to 
have  anything  but  speculative  value. 

The  mountains  between  the  Panamints  and  the  Sierra  Ne- 
vada were  once  the  scene  of  great  activity  in  lead-silver  min- 
ing. Old  roads  constructed  at  great  expense,  smelting-plants 
at  the  mines,  and  charcoal-kilns  many  miles  away  in  the  tim- 
bered mountains,  are  mute  evidences  of  this  former  activity. 

Cerro  Gordo,  Darwin  and  Modoc  produced  between  1870 
and  1880  approximately  $25,000,000.  The  first-named  was  the 
heaviest  producer,  furnishing  the  largest  quantity  and  lowest 
grade  of  ore,  while  the  last  produced  the  smallest  tonnage  and 
the  highest  orrade.  Thev  are  all  at  or  near  the  contact  of 
granite  and  limestone.  L^nlike  the  deposits  at  Monarch,  Colo., 
along  a  similar  contact,  these  ore-bodies  are  from  a  few  feet  to 
300  ft.  away  from  the  contact,  in  cracks  and  crevices  of  the 
limestone. 

At  Darwin  there  is  an  anticline  about  6  miles  long,  the  west 
side  of  which  dips  about  45°  and  the  east  side  more  steeply. 
The  latter  carries  some  copper,  while  the  former  shows  none. 
The  oxidized  surface-ores  contain  roughly  1  oz.  of  silver  to  1 
per  cent,  of  lead,  and  the  galena  ores  2  oz.  of  silver  to  1  per 
cent,  of  lead.  From  the  old  books  left  at  some  of  the  works, 
it  would  appear  that  the  average  ore  contained  from  40  to  60 
per  cent,  of  lead.  The  gangue  carries  iron  and  lime,  with 
some  silica.  There  are  four  smelting-plants  near  by,  one  of 
which  is  in  good  condition ;  and  20  persons  are  still  living 
in  the  town. 

The  popular  report  is  that  the  ores  became  too  poor  to  work 
at  a  depth  of  800  feet.  While  these  mines  were  working, 
Mojave,  Cal.,  was  the  nearest  railroad  point,  and  wood  and 
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charcoal  had  to  be  hauled  long  distances.  From  the  charcoal- 
kilns  in  the  Panamints  to  Darwin  is  50  miles.  The  altitude  of 
the  kilns  is  8,000,  that  of  Darwin  6,000,  and  that  of  the  in- 
tervening Panamint  valley  1,100  ft.  above  tide.  The  price 
of  fodder  must  have  been  high.  The  nearest  farms  are  now 
50  miles  away. 

Cerro  Gordo  is  7  miles  from,  and  3,500  ft.  above,  Keeler,  the 
terminus  of  the  Carson  and  Colorado  railroad,  334  miles  from 
Reno,  and,  by  wagon-road,  120  miles  from  Mojave.  Here  are 
located  the  soda-works  of  the  Inyo  County  Development  Co. 
With  diminished  treatment-charges  at  custom-smelters,  lower 
rates  of  freight,  and  the  flood  of  siliceous  ores  now  going  on  to 
the  market,  it  would  not  be  surprising  if  these  lead-ores,  with 
their  useful  fluxing  character,  should  be  again  mined  with  profit. 

XII.  Owens  Lake  Valley. 

Owens  Lake  valley,  about  75  miles  long  and  20  wide,  is 
drained  b}'  Owens  river,  which  flows  into  the  lake  of  the  same 
name,  about  18  by  12  miles  in  area.  The  water  of  the  lake  is 
a  nearly  saturated  solution  of  sodium  carbonate  and  common 
salt,  with  a  little  sulphates  and  borax.  There  is  no  verdure 
around  the  edges. 

The  river  is  fed  by  streams  from  the  west,  having  their  origin 
in  the  Sierra  Nevada,  a  very  high,  snowy  and  well-timbered 
range.  All  the  older  settlements  are  on  these  streams,  but  the 
railroad  follows  the  east  side  of  the  valley.  A  large  ditch  has 
been  carried  by  an  irrigation  company  down  the  east  side  of 
the  valley  to  within  12  miles  of  Keeler;  and  the  new-comers 
are  settling  along  this  ditch. 

While  the  valley  is  fertile  and  w^ell -watered^  particularly  at 
the  north  end,  the  farmers  have  not  as  a  rule  been  prosperous, 
because  the  market  w^as  too  distant.  Now  a  sudden  change 
has  come.  From  Laws  station,  opposite  Bishop,  in  the  upper 
end  of  the  valley,  to  Tonopah  is  113  miles  by  rail.  It  is  fortu- 
nate, both  for  the  farmers  and  the  miners,  that  there  should  be 
an  agricultural  region  so  near. 

All  the  streams  coming  from  the  Sierra  Nevada  furnish  op- 
portunities for  developing  w^ater-power.  Already  a  company  is 
preparing  to  generate  and  transmit  electric  power  from  Bishop 
creek  to  Tonopah  and  Goldfield. 
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All  the  grains  and  fruits  of  the  temperate  zone  are  raised 
here.  The  apples,  peaches,  pears  and  certain  varieties  of  grapes, 
are  better  than  those  raised  on  the  Coast-side  of  the  Sierra. 

XIII.   Smaller  Mines  Tributary  to  Owens  Lake  Valley. 

In  the  south  end  of  the  Argus  range  and  in  the  Coso  moun- 
tains are  many  veins,  usually  only  a  few  feet  in  width,  of  white 
quartz  in  granite,  occasionally  carr3'ing  gold,  low  in  value,  and 
in  spots  rather  than  in  regular  ore-bodies.  Most  mining  men 
dislike  these  conditions.  The  Congress  mine  in  Arizona  is 
the  only  large  and  successful  enterprise  working  this  class  of 
quartz. 

The  Beveridge  and  Lee  districts,  NW.  of  Darwin,  have  ar- 
gentiferous ores.  At  the  latter  place  there  was  formerly  a 
stamp-mill,  which,  judging  from  the  amount  of  tailings,  did 
not  run  long. 

The  Ubaheba  district,  lying  between  the  Saline  and  Butte 
valleys,  is  a  large  undeveloped  area  of  low-grade  copper-ores, 
in  contact-deposits  between  limestone  and  some  acid  eruptive. 
These  valleys  are  very  deep,  and  would  be  a  continuation  of 
the  Panaraiut  valley  but  for  an  east  and  west  mountain  that 
looks  like  an  enormous  dam.  The  west  end  is  granite;  but 
the  larger  portion  of  the  mountain  is  recent  conglomerate  over- 
flowed by  basalt. 

In  the  mountains  facing  Owens  Lake  valley  on  the  east  side, 
both  in  the  granite  and  the  chloritic  slates,  quartzites  and 
limestones,  which  the  intrusive  has  thrown  on  edge,  there  are 
numerous  veins  of  white  quartz,  carrying  occasional  gold-values. 

Between  the  stations  of  Alvord  and  Citrus,  3  or  4  miles  from 
the  railroad  at  the  foot  of  the  mountain,  and  well  located  for 
economic  reasons,  are  a  new  stamp-mill  and  out-buildings,  now 
idle. 

Farther  up  the  valley,  at  Pol  eta,  there  is  a  plant  running. 

XIV.  From  Owens  Lake  Valley  to  Goldfield. 

From  Alvord  station,  5  miles  from  Big  Pine,  20  miles  from 
Bishop,  and  54  miles  by  rail  from  Keeler,  there  is  a  wagon- 
road,  61  miles  to  Lida,  and  96  miles  to  Goldfield.  This  road 
is  now  much  used  by  freighters  and  farmers  hauling  produce 
to  Lida,  Goldfield  and  Tonopah.     Three  ranges  of  mountains 
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and  two  valleys  are  crossed.  Between  the  Deep  Spring  and 
Fish  Lake  valleys  there  is  a  gold-copper  exploration  near  the 
road.     In  the  mountain  east  of  Fish  lake  are  two  old  mills. 

About  Lida,  and  between  Lida  and  Montezuma  mountain, 
the  formation  is  light-green  slates  overlain  nonconform  ably  by 
limestone.  In  the  slates  are  dikes  of  porphyry  and  rhyolite, 
and  many  quartz-veins.  At  Lida  the  veins  are  exposed  on  the 
surface  and  show  remarkable  persistence  in  length;  but  when 
worked,  30  years  ago,  they  were  found  to  lose  their  values  at  a 
depth  of  from  200  to  300  feet.  The  ore  is  quartz  with  little 
galena  and  zinc  blende.     The  principal  values  are  in  silver. 

From  Lida  east  to  the  Kawich  range  the  rocks  are  all  vol- 
canic, from  rhyolite  to  basalt  inclusive,  but  rarely  are  there  any 
of  the  earlier  tuffs  or  andesites. 

Gold  Center  is  a  small  area,  similar  to  Goldfield,  but  the  ores 
are  not  particularly  high-grade  or  continuous.  The  soft  alumi- 
nous country-rock  seems  to  have  moved  too  much  after  the  ore 
was  deposited. 

Quartz  Mountain,  24  miles  south,  is  of  rhyolite,  with  veins 
similar  to  those  of  the  Bullfrog  district. 

It  is  remarkable  that  so  many  mines  have  been  found  of  late 
years  in  the  volcanic  tuffs,  now  generally  known  as  andesite. 
A  very  large  portion  of  them  carry  gold.  One  cannot  but 
wonder  if  there  are  not  more.  This  is  not  a  formation  which 
prospectors  have  liked  until  lately ;  and  as  j^et  it  has  been  but 
imperfectly  studied.  The  fact  that  the  mineral-bearing  tuffs 
are  basic,  and  are  overlain  by  the  acid  rhyolite,  is  perhaps  sig- 
nificant. Cripple  Creek  has  a  rhyolite  mountain  in  which  much 
money  has  been  spent  without  satisfactory  results.  The  nature 
of  the  veins,  too,  is  new.  They  may  often  be  called  freaks. 
Mineralizations  of  country-rock  are  to  be  expected  rather  than 
"  text-book  "  veins,  such  as  used  to  be  sought  for. 
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An  Old  Specimen  of  American  Spiegeleisen. 

BY  FRANK  FIRMSTONE,    EASTON,    PA. 

(Bethlehem  Meeting,  February,  1906.) 

The  piece  of  spiegeleisen,  thej  analysis  of  which  is  given 
below,  was  collected  by  my  father,  together  with  various  other 
specimens,  while  he  was  manager  of  the  Glendon  Iron  Works. 
It  bears  a  label  stating  that  it  was  taken  from  a  building  in  the 
town  of  Newton,  New  Jersey,  erected  in  1765  and  torn  down 
in  1863.  The  building  belonged,  in  1863,  to  T.  K  McCarter, 
Esq.  The  label  is  in  the  hand-writing  of  Mr.  McCarter,  now 
deceased,  well  known  as  a  member  of  the  bar  of  northern  New 
Jersey.  The  specimen  was,  no  doubt,  given  by  him  to  my 
father,  with  whom  he  had  business  in  1863  and  1864.  It  is 
now  in  the  metallurgical  collection  of  Lehigh  University. 

I  know  nothing  further  as  to  the  history  of  the  specimen, 
but  there  is  no  reasonable  doubt  that  it  was  made  from  ore  from 
the  Andover  mine,  at  the  old  charcoal-furnace  which  once 
stood  at  the  village  of  Andover,  about  5  miles  south  of  New- 
ton, on  the  Sussex  railroad.  It  was  probably  broken  from  one 
end  of  a  bearer  over  an  open  fire-place,  is  about  6  in.  wide  by 
2.5  in.  thick,  has  been  cast  in  open  sand  and  shows  the  charac- 
teristic fracture  of  spiegeleisen  rather  low  in  manganese,  as 
shown  in  Table  I.     One  edge  has  been  white-washed. 

Table  I. — Analyses  of  Spiegeleisen  Made  from  Andover  Ore. 

I.  II. 

Per  Cent.  Per  Cent 

Graphite, 0.101  0.005 

Combined  carbon, 4.529  4.212 

Silicon, 0.037  0.294 

Manganese,      .......       5.750  3.750 

Sulphur, 0.003  0.031 

Phosphorus, 0.060  0.072 

Iron, 89.440  91.570 

99.920  99.934 

I.  Spiegeleisen  made  at  Andover  (charcoal)  furnace  not  later  than  1765. 
II.  Spiegeleisen  made  from  Andover  ore  at  Phillipsburg,  X.  J.,  anthracite-fur- 
nace, 185-. 

Both  analvses  were  made  bv  Dr.  P.  W.  Shimer. 
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There  is  nothing  to  be  seen  to-da}^  of  the  old  furnace  at  the 
reputed  site  in  the  village  of  Andover;  but  there  is  a  large 
cinder-heap  there,  and  I  have  no  doubt,  therefore,  that  this  is 
really  where  it  stood.  This  cinder-pile  is  on  a  small  stream,  the 
outlet  of  a  lake  south  of  Andover,  and  a  little  east  of  the  rail- 
road. The  water  runs  into  the  Pequest.  Just  below  the  cinder- 
pile  is  an  old  stone  grist-mill,  still  in  use.  The  date  1761  is 
cut  on  a  stone  on  the  northwest  corner,  about  18  in.  under  the 
eaves.  This  mill,  no  doubt,  was  built  about  the  same  time  as 
the  furnace,  a  mill  being  at  that  period  an  indispensable  adjunct 
to  an  iron-works. 

Mr.  AY.  R.  Ayers,  of  Andover,  who  pointed  out  this  inscrip- 
tion to  me,  and  kindly  gave  me  much  other  information,  has  in 
his  possession  a  pig  of  iron  about  2  ft.  10  in.  long  with  the 
brand  "  Andover  "  on  it  in  very  well  formed  letters.  It  was 
taken  from  a  house  belonging  to  him,  in  which  it  formed  a 
lintel  over  an  open  fire-place.  The  house  is  said  to  have  been 
built  before  the  Revolution.  This  pig,  judging  by  the  face,  is 
not  spiegeleisen. 

Almost  all  the  cinder  to  be  seen  on  the  old  dump  is  gray, 
and  indicates  very  regular  furnace-work.  Table  II.  gives 
analyses  of  two  pieces  which  I  took  from  the  dump  on  my  first 
visit  to  Andover. 

Table  11.— Analyses  of  Cinder  from  Old  Andover  Charcoal-Furnace. 


SiO.,    . 

No.  1. 
Per  Cent. 

45.29 

No.  2. 
Per  Cent. 

36.57 

Al,03,  .        . 
FeO,     . 

2.67 
0.55 

5.49 
1.44 

MnO,    . 

7.20 

4.43 

CaO,    . 

34.74 

41.17 

MgO,  .         . 
K,0,    . 

6.53 
0.49 

8.77 
0.33 

Na,0,  . 

0.11 

0.09 

SO3,     .         . 
CO.,     . 

0.137  (S,  0.055) 
1.59 

0.191 
0.74 

(S,  0.077) 

Combined  water. 

0.49 

0.40 

99.797  99.621 

The  last  three  constituents  are,  doubtless,  due  to  long  weathering. 


Sample  jSTo.  1  is  highly  crystalline  in  fracture ;  No.  2  is  com- 
pact and  shows  no  signs  of  crystallization.     Both  are  of  rather 
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unusual  composition  for  charcoal  cinders,  although  No.  1  is  not 
very  different  from  a  cinder  from  Langshyttan  (Sweden)  given 

0 

by  Akerman.^ 

I  think  the  spiegeleisen  made  at  the  old  Andover  furnace 
must  have  been  the  first  produced  on  this  side  of  the  Atlantic. 

The  Andover  furnace  has  additional  historical  interest  in 
that,  as  appears  in  Swank's  account  of  it^  and  the  documents 
there  referred  to,  it  was  taken  into  possession  by  the  govern- 
ment in  1778,  and  run  to  furnish  iron  for  steel  for  the  War  De- 
partment, this  being  the  only  iron  which  would  "  with  certainty 
answer  the  purpose  of  making  steel." 

If  the  accounts  of  the  Continental  War  Department  have 
been  preserved  and  are  accessible,  they  would  furnish  amusing, 
and  perhaps  important,  details  of  methods,  costs,  etc. 

The  Andover  mine,  about  a  mile  north  of  the  furnace-site,  is 
described  in  Kitchell's  Annual  Report  07i  the  Geological  Survey 
of  the  State  of  New  Jersey  for  the  Year  1855  (Trenton,  1856), 
pp.  149  et  seq. ;  and  there  are  further  notes  in  Lesley's  Iron 
Manufacturer' s  Guide,  p.  427.  The  description  in  Kitchell's 
report  is  reprinted  in  Prof.  Geo.  H.  Cook's  account  of  the  mine,^ 
with  some  historical  details  taken  from  a  letter  from  Hon.  A.  S. 
Hewitt. 

In  1848  and  1849  the  mine  was  re-opened  by  the  Trenton 
Iron  Co.  (Messrs.  Cooper  &  Hewitt) ;  and  much  iron  was  made 
from  the  ore  in  the  '50's  at  the  furnaces  of  that  company  at 
Phillipsburg,  N".  J.,  at  first  under  the  management  of  Dr.  G.  G. 
Palmer,  who  built  the  works,  and  afterwards  under  his  imme- 
diate successor,  our  fellows-member,  Mr.  J.  C.  Kent.  Much  of 
this  iron  was  spiegeleisen,  and  large  quantities  were  puddled 
at  the  mills  of  the  same  company  in  Trenton,  and,  no  doubt, 
contributed  to  the  good  quality  of  the  "  Trenton  "  rails,  which 
were  famous  in  their  day.  Through  Mi.  S.  B.  Patterson  I  have 
procured  a  small  piece  of  the  spiegeleisen  made  at  Phillipsl)urg, 
and  the  analysis  (Sample  II.)  is  given  above.  Unfortunately,  the 
exact  date  of  manufacture  is  not  known. 

Mr.  Kent  informs  me  that  the  furnaces  worked  very  well  on 
this  ore,  and  that  over  300  tons  of  iron  per  furnace  per  week 

1  Stahl  unci  Eisen,  No.  6,  1886,  p.  388,  Table  VII. 

2  Iron  in  All  Ages,  2d  ed.,  p.  153  (1892). 

*  Geology  of  New  Jersey,  1868,  p.  640  et  seq. 
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were  sometimes  made — which  for  that  day,  and  with  anthracite 
for  fuel,  was  an  enormous  output.  He  also  tells  me  that  Mr. 
Peter  Cooper,  knowing  that  the  iron  had  been  used  for  steel  in 
Revolutionary  times,  had  steel  made  from  some  of  the  first  iron 
produced  at  Phillipsburg  and  Trenton,  and  that  this  steel  was 
worked  up  into  cutlery. 

The  mine  was  practically  exhausted  before  the  successful  in- 
troduction of  the  Bessemer  process  into  this  country,  otherwise 
spiegeleisen  of  such  good  quality  must  have  plaj^ed  an  impor- 
tant part  in  the  early  history  of  that  manufacture  here. 

In  1868  Messrs.  Cooper  &  Hewitt  sold  the  Phillipsburg  fur- 
naces, the  Andover  mine-tract,  and  various  other  mineral  prop- 
erties and  leases  in  New  Jersey,  to  a  joint  stock-company,  which 
took  the  name  of  Andover  Iron  Co.  In  1901  this  company 
and  its  belongings  passed,  by  purchase  of  the  stock,  into  the 
hands  of  Mr.  Joseph  Wharton. 


Notes  on  the  Gayley  Dry-Air    Blast-Process. 

BY  C.  A.  MEISSNER,  NEW  YORK. 

(Bethlehem  Meeting,  February,  1906,) 

The  following  is  a  further  discussion  of  the  paper  of  James 
Gayley,  "  The  Application  of  Dry-Air  Blast  to  the  Manufacture 
of  Iron  "  (JVa/is.,  XXXV.,  746),  with  special  reference  to  his  sup- 
plementary paper  {Bi-Monthly  Bulletin,  J^o.  4,  July,  1905,  pp. 
797  to  819),  and  to  the  paper  of  J.  E.  Johnson,  Jr.,  "  Notes  on 
the  Physical  Action  of  the  Blast  Furnace  "  {Bi-3Ionthhj  BuUetin, 
No.  5,  September,  1905,  pp.  1111  to  1146). 

Mr.  Gayley's  paper  has  been  discussed  also  by  E.  Windsor 
Richards,  R.  W.  Raymond,  E.  H.  Saniter,  W.  J.  Foster,  H.  M. 
Howe,  V.  Pendred,  B.  H.  Thwaite,  James  Gayley  and  Alexan- 
der Pourcel  [Trans.,  xxxv.,  pp.  1022  to  1042),  Joseph  W. 
Richards  {Bi-Montlily  Bulletin,  No.  4,  July,  1905,  pp.  703  to 
718);  T.  W.  Robinson  {Bi-Monthly  Bulletin,  No.  4,  July,  1905, 
pp.  788  to  796) ;  C.  B.  Dudley,  R.  W.  Raymond,  J.  E.  Johnson, 
Jr.,  W.  F.  Mattes,  James  Gayley,  David  Baker,  John  Birkin- 
biue  and  F.  E.  Bachman  {Bi-3Ionthly  Bulletin,  No.  5,  Septem- 
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ber,  1905,  pp.  1147  to  1152) ;  E.  de  Mille  Campbell  {Bi-Monthly 
Bulletin,  l^o.  1,  January,  1906,  pp.  25  to  50);  John  Birkinbine 
{Bi-Monthly  Bulletin,  '^o.  1,  January,  1906,  pp.  137,  138). 

At  the  Washington  meeting  of  the  Institute,  May,  1905,  a 
very  instructive  and  interesting  paper  was  presented  b}'  Mr.  J. 
E.  Johnson,  Jr.,  entitled  "  Xotes  on  the  Physical  Action  of  the 
Blast  Furnace,"^  in  which  reference  is  made  to  Mr.  Gayley's 
dry-blast  process.  A  few  of  Mr.  Johnson's  conclusions,  as 
summarized  in  the  last  pages  of  his  paper,  do  not  appear  to 
me  to  be  in  complete  accordance  with  the  results  obtained  at 
the  Isabella  furnaces ;  and  I  therefore  present  the  following 
notes,  which  may  throw  further  light  on  this  subject: 

Mr.  Gayley  has  called  attention  to  the  fact  that  the  moisture 
in  the  air  is  an  extremely  variable  and  uncertain  factor ;  and 
that,  while  every  possible  effort  has  been  made  to  control  the 
composition  of  the  burden  of  raw  materials  within  10  per  cent, 
of  variation,  yet  there  has  been  no  such  control  of  the  compo- 
sition of  the  blast,  the  actual  weight  of  which  is  1.43  to  1  of 
the  weight  of  the  solid  charge,  and  which  may  vary  daily  from 
20  to  100  per  cent,  in  its  content  of  moisture  and  in  its  tem- 
perature. Those  who  have  studied  the  subject  know  that  these 
conditions  exist  wherever  iron  is  made.  The  gist  of  Mr.  Gayley's 
labors  in  this  direction  is  the  endeavor  to  secure  a  uniform 
composition  of  the  air-supply  (which,  after  all,  is  the  largest 
and  most  important  factor  in  the  manufacture  of  iron),  as  the 
furnaceman  does  for  the  mixture  of  fuel,  ore  and  flux  constitut- 
ing the  solid  charge. 

Various  suggestions  to  bring  about  this  result  have  been 
made  by  many  writers ;  and,  in  some  cases,  it  has  been  argued 
that  the  reported  results  of  Mr.  Gayley's  dry-air  blast,  showing 
a  gain  of  from  10  to  20  per  cent,  in  the  output  of  pig-iron,  and 
a  saving  of  from  10  to  20  per  cent,  in  coke-consumption,  were 
due  to  natural  air-conditions  existing  at  the  time  of  his  experi- 
ments. It  has  also  been  pointed  out  that  these  reported  econ- 
omies were  obtained  in  the  winter  months.  This  criticism, 
however  plausible,  was  based  on  insufficient  data ;  Mr.  Gay- 
ley's first  figures  having  covered,  in  fact,  but  a  comparatively 
short  period,  and  that  largely  in  the  winter  months.  But,  ac- 
cording to  later  experience,  covering  summer  months  as  well, 

1  Trans.,  xxxvi.,  454  to  488  (1906). 
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all  the  dry-air  blast  periods  indicate  a  similar  tendency  to  con- 
tinuous higher  pig-iron  production  and  a  lower  coke  consump- 
tion.    This  is  shown  by  additional  data  given  below. 

A  comparison  of  the  natural-blast  records  of  Furnace  No.  3 
for  the  winter  months,  February  and  March,  1903,  with  similar 
previous  records,  showed  that  the  coke-consumption  in  these 
winter  months  (2,225  lb.  per  ton  of  pig-iron  produced)  did  not 
differ  materially  from  that  of  the  summer  months.  In  1904, 
like  results  were  obtained;  the  fuel  consumption  (2,297  lb.  per 
ton  of  pig-iron  produced)  being  practically  constant  through- 
out the  year;  in  fact,  the  monthly  records  of  both  furnaces  dur- 
ing the  natural-air  periods  preceding  the  dry-blast  periods 
showed  as  uniform  and  steady  operations  as  is  possible  to  get 
under  such  conditions.  In  1905,  however,  the  records  show 
that  the  lowest  coke-consumption,  averaging  about  1,800  lb. 
per  ton  of  pig-iron  produced,  was  obtained  during  the  three 
winter  months  of  the  dry-air  period  of  Furnace  No.  3,  showing 
that  the  gain  from  tlie  use  of  dry-blast  is  by  no  means  re- 
stricted to  the  summer  months.  In  the  winter  months,  given 
above.  Furnace  No.  3,  running  on  mill-iron,  saved  at  least  20 
per  cent,  in  coke-consumption,  as  compared  with  that  required 
by  natural  air,  under  otherwise  similar  conditions,  in  the  winter 
months  of  the  tw^o  preceding  years. 

It  has  also  been  said  that  in  very  cold,  dry  periods,  an  in- 
crease in  pig-iron  production,  and  a  decrease  in  coke-consump- 
tion, equal  to  those  reported  by  Mr.  Gayley,  have  been  ob- 
tained. It  is  to  be  regretted  that  these  statements  were  not 
accompanied  with  tabulated  data,  permitting  critical  compari- 
sons. Such  data  should  show  the  length  of  time  covered,  and, 
especially,  whether  the  20  per  cent,  increase  of  pig-iron  pro- 
duction and  the  20  per  cent,  decrease  in  coke-consumption  were 
obtained  simultaneously. 

I  have  in  mind  here  Mr.  Walter  Crooks'  graphic  statement^ 
showing  a  gain  in  pig-iron  production  and  a  decrease  in  coke- 
consumption  during  winter  months  over  summer  months  for 
tw^o  years ;  yet  even  these  figures  show  but  a  6  per  cent,  in- 
crease in  pig-iron  produced  and  9  per  cent,  decrease  in  the  quan- 
tity of  coke  consumed.     No  data  are  given  showing  the  actual 

'  Discussion,  Journal  of  the  Iron  and  Steel  Institute,  vol.  Ixvii.,  !So.  1,  pp.  267, 
268  (1905). 
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production  of  pig-iron,  the  consumption  of  coke  or  the  tem- 
perature of  the  blast. 

Among  the  records  which  I  have  been  able  to  study  (those 
of  about  90  furnaces  for  from  four  to  six  years  back),  there  are 
none  which  show  that  any  such  percentage  of  iron-increase 
and  coke-decrease  either  took  place  simultaneously  under  nat- 
ural dry  atmospheric  conditions,  or  even  covered  separately 
any  long  period.  They  often  show  a  distinct  tendency  to  an 
increase  in  the  pig-iron  production  during  such  natural  dry-air 
conditions ;  but  with  a  few  exceptions,  practically  stationary 
or  but  slightly  varying  coke-consumption.  In  the  early  part 
of  i^ovember,  1905,  when  the  atmospheric  conditions  gave  an 
almost  dry  air,  one  of  the  Isabella  furnaces,  running  with  nat- 
ural blast,  increased  its  production  from  375  to  430  tons  per 
day ;  yet  during  all  this  time  the  coke-consumption  remained 
practically  stationary,  the  increased  iron-production  being  due 
to  the  temporary  ability  to  blow  harder,  which  meant  an  in- 
crease in  the  number  of  revolutions.  Moreover,  this  lasted 
only  eight  or  ten  days ;  so  that  it  presented  no  parallel  to  Mr. 
Gayley's  results,  which  were  obtained  with  a  decreased  number 
of  revolutions  and  an  immediate  and  simultaneous  increase  in 
the  production  of  iron  and  a  decrease  in  the  coke-consumption. 

In  short,  the  economies  effected  by  the  use  of  the  dry-air 
blast  are  now  shown  to  be  uniform  and  continuous  for  periods 
of  months  together,  and  to  be  practically  unaffected  by  stop- 
pages, repairs,  or  other  disturbances.  These  economies  have 
been  achieved  with  two  furnaces  that  had  run  for  more  than 
two  and  three  years,  had  produced  respectively  more  than 
300,000  and  nearly  400,000  tons  of  pig-iron  upon  their  exist- 
ing linings,  had  been  repeatedly  banked,  and  were  more  or 
less  damaged.  I  think  this  record  cannot  be  matched  from 
experience  with  natural-air  blast,  and  is,  therefore,  conclusive 
as  to  the  value  of  Mr.  Gayley's  invention. 

Another  point  brought  out  by  some  of  the  arguments  on  the 
subject,  and  one  which  is  apparently  carrying  great  weight  in 
many  minds,  is  the  one  of  the  temperature  of  the  blast. 

It  has  been  stated  frequently  that  an  increase  in  blast-tem- 
perature alone  would  accomplish  the  same  results  as  those  ob- 
tained by  Mr.  Gayley.  The  necessary  increase  of  temperature 
to  do  this  has  been  variously  estimated  at  from  150°  to  400°  F., 
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and  the  estimates  of  the  amount  of  coke  saved  by  every  100° 
of  increased  blast-temperature  vary  con8iderabl3^ 

Table  I.,  giving  the  average  blast-temperature  during  the 
natural-blast  and  dry-blast  periods  of  the  two  furnaces  named, 
shows  a  difference  of  average  of  temperature  between  the  first 
natural-air  period  and  the  dry-blast  period  of  Furnace  Xo.  1, 
of  about  50°  F.  only,  while  in  the  second  natural-air  period, 
following  that  of  the  dry-blast,  the  average  blast-temperature 
was  actually  about  10°  F.  higher.  For  Furnace  No.  3,  the  natu- 
ral-air temperature  was  only  45°  below  that  of  the  dry -blast. 

According  to  Fig.  2  of  Mr.  Johnson's  paper,^  air  at  800°  F., 
containing  5  grains  of  moisture  per  cu.  ft.,  would  yield  about 
1,200  B.t.u.,  and  air  at  850°  F.,with  2  grains  of  moisture  per 
cu.  ft.,  would  yield  about  1,450  B.t.u.  of  "  available  heat"  per 
lb.  of  fuel  consumed.  The  latter  figure  fairly  represents  dry- 
blast  conditions,  and  (assuming  the  average  coke-consumption 
wdth  natural-blast  as  2,275  lb.  per  ton  of  pig-iron  produced)  in- 
dicates a  coke-consumption,  for  dry-blast,  of  1,875  lb.,  which 
closel}^  accords  with  practice. 

We  may  proceed  to  inquire  what  would  be  the  efi:ect  of  dry- 
blast  combined  with  higher  temperature — say,  1,200°  F.,  which 
is  350°  F.  more  than  that  of  the  blast  at  the  Isabella  furnaces 
during  the  dry-blast  period  in  which  the  coke-consumption  was 
reduced  to  1,850  lb.  According  to  Mr.  Johnson's  diagram, 
this  increase  from  850°  F.  to  1,200°  F.,  on  a  blast  containing  2 
grains  of  moisture  per  cu.  ft.,  should  increase  the  "available 
heat"  from  1,450  to  about  1,850  B.t.u.  Theoretically,  this 
would  reduce  the  coke-consumption  of  1,875  lb.  for  the  former 
temperature,  to  about  1,470  lb.  for  the  latter.  But,  if  we  apply 
the  practical  factor  of  50  lb.  less  coke  per  ton  of  pig-iron  for 
every  additional  100°  F.  of  blast-temperature,  we  shall  have, 
in  the  case  stated,  a  saving  of  175  lb.  of  coke  per  350°  F.  of  ad- 
ditional temperature;  and  consequently,  for  blast  at  1,200°  F. 
containing  2  grains  of  moisture  per  cu.  ft,  a  coke-consumption 
of  1,700  lb.  per  ton  of  pig-iron. produced.  This  appears  to  be 
a  reasonable  expectation,  according  to  our  present  knowledge 
of  the  effects  of  the  dry-blast. 

Further   study   of  the    monthly  blast-temperatures    showed 
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Table  I. —  Comparison  of  Natural  Air  and  Dry -Blast 


Period. 


Furnace  No.  1. 
First  natural-air  period 

From  July  to  Oct.  15, 1901 

Banked  three  months. 

Jan.  to  Aug.,  1904. 
Dry-blast  period 

From  Aug.,  1904,  to  Jan., 

1905,  including  also  Aug. 

1905. 
Second  natural-air  period.... 

From  Jan.  to  Aug.,  1905. 
Furnace  No.  3. 
First  natural-air  period 

From  Jan.  to  Sept.,  1903. 

Banked  four  mo"nths. 

Feb.  to  May,  1904. 

Banked  three  months. 

Sep.  to  Nov.,  1904. 
Partial  dry-blast  period 

Natural  air  December,  1904 

Dec,  1904,  to  Jan.  15, 1905. 

*One  engine  dry-blast,  Dec. 

One  engine  dry-blast,  Jan. 

Two  engines  dry-blast.Jan 

Three     engines'    dry-blast 

Jan.. 

Dry-blast  period 

From  Jan.  to  Aug.,  1905 


r-< 

S  a> 

OT 

c 

U 

1.1 

S 

o 

n 

^.2  ^ 

o 

-a 

a 

3 

> 

74 

< 

314 

Basic. 
Besse'r. 

357 

2,275 

164 

Basle. 
Besse'r. 

436 

1,821 

205 

Basic. 
Besse'r. 

383 

2,256 

478 

Basic. 
Besse'r. 

370 

2,258 

21 

Basic. 

399 

2,307 

10 

Basic. 

453 

2,204 

10 

Basic. 

409 

2,329 

4 

Basic. 

425 

1,930 

17 

Ba.sic. 

432 

1,824 

203 

Besse'r. 

400 

1,961 

Temp. 
Degrees  F. 


Blast.  Gases 


807 
854 

863 

775 


785 
'680 


501 


448 


02  c 


108 
108 


104 


111 
"93 


Grains  of  Moisture. 


Atmosphere 


Day.  Night 


3.93  !  3.92 


3.50 

3.44 
3.22 


1.41 


1.46 
'3!  44 


Dry  Blast. 


Day.  Night 


3.56     1.33 


3.60 
3.35 


1.47 


1.46 
3!  60' 


1.26 


1.24 


*  Three  engines  on  each  furnace. 

that,  in  many  cases,  the  monthly  averages  for  natural  air  were 
higher  than  for  dry-blast,  and  yet  that  neither  coke-consump- 
tion nor  product  of  iron  differed  materially  in  those  particular 
months  from  the  corresponding  figures  for  other  months  of  nat- 
ural-air blast,  characterized  by  100°  F.  or  150°  F.  lower  blast- 
temperature.  In  other  words,  the  effects  of  the  blast-tempera- 
ture, within  these  limits,  were  counteracted  by  other  causes, 
such  as  the  varying  atmospheric  temperature  and  moisture. 
Furnace-men  are  obliged  to  carry  a  surplus  of  coke  above  the 
theoretical  requirement,  as  a  reserve  source  of  heat  to  meet 
these  frequently  great  and  sudden  changes  in  the  atmosphere ; 
and  the  existence  of  this  reserve  (which  would  not  be  required 
with  dry-blast)  prevents  not  only  the  close  regulation  of  tem- 
perature, engine-revolutions,  etc.,  but  also  the  clear  interpreta- 
tion of  their  effects.  It  has  been  suggested,  indeed,  that  a  con- 
tinuous automatic  record  of  these  factors  would  permit  abetter 
control  of  them ;  but  such  frequent  changes  (sometimes  from 
hour  to  hour)  as  this   suggestion  would  require  in  the  engine- 


NOTES    OX    THE    GAYLEY    DRY-AIR    BLAST-PROCESS. 

Periods  of  Isabella  Furnaces  Nos.  1  and  3. 
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Temperature. 

o" 

6B 

II 

Yield  of  Ore. 

4 

0 

Blast  Pressure. 

u 

Atmospherei  Dry  Blast. 

1 

Ac- 
tual. 

49.4 

52.9 

51.1 
51.9 

Theo- 
retical. 

Dififer- 
ence. 

Day. 

Night 

Day. 

Night 

s 

s 

5''  4 

59.1 

1  to  1.96 

1  to  2.40 

1  to  1.89 
1  to  1.90 

1.96 

1.90 

1.91 
1.90 

1,077 

1,052 

965 
1,232 

55.9 

54.9 

56.3 
55.2 

6.5 

2.0 

5.2 
3.3 

7.27 

78.0 

83.0 
82.0 

14.9 

14.1 

13.9 
16.8 

32.4 

56.0 
4f)  1 

53.0 

55.3 
50.0 

20.0  i  19.9 

18.9 
21.0 

50  1 

28.2 

34.0 

33.0 

51.78 

54.35 

2.55 

95.6 

31  0 

30.0 

51.33 

54.35 

3.03 

88.4 

80.0 
75.0 



j 

49.1 

55.3 

18.0 

18.0    1  to  2.11 

1 

1.85 

1,636 

54.38 

56.30 

1.92 

13.9 

11.9 

revolutions,  blast-temperature,  charge,  etc.,  would  be  not  only 
well  nigh  impracticable,  but  might  also  cause  other  evils,  inci- 
dent to  irregular  running,  and  greater  than  those  which  they 
were  intended  to  remedy. 

The  natural  atmospheric  irregularities  mentioned  unques- 
tionably affect  the  zone  of  fusion  in  the  furnace;  and  such 
changes  in  the  position  and  condition  of  this  zone,  which  are 
the  chief  causes  of  difficulty  in  furnace-management,  are,  at 
times,  by  reason  of  atmospheric  changes  outside,  much  greater 
than  has  been  generally  assumed.  Obviously,  the  wisest  course, 
if  practicable,  is  not  passively  to  suffer  these  effects  to  begin 
and  then  try  to  remedy  them,  but  to  prevent  them  altogether 
by  securing  uniform  blast-conditions,  so  that  the  zone  of  fusion 
may  be  held  steadily  in  its  position  ;  thereby  preventing  scaf- 
folding and  irregular  running,  increasing  the  life  of  the  lining, 
and,  above  all,  permitting  a  reduction  of  the  amount  of  coke 
otherwise  required  as  a  margin  of  safety.  It  is  not  necessary 
to  amplify  this  argument.  The  conditions  involved  are  famil- 
iar to  all  furnace-men. 
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The  temperature  of  the  atmosphere,  as  supplied  to  the  en- 
gine-cylinders, is  a  very  important  factor  in  the  use  of  dry  air 
blast.  The  difference  in  weight  of  saturated  and  dry-air  per 
cu.  ft.,  at  different  temperatures,  is  shown  in  Table  II. 

Table  II. — Difference  in  Saturated  and  Dry  Air  Per  Cubic  Foot 
at  Different   Temperatures. 

Grains  of  Moisture 
at  100  Per  Cent. 

Saturation.  At                   Saturated.                                              Dry. 

0.55  0°  F.  equals  0.0863  lb.  per  cu.  ft.  of  air,  or  0.0864 

0.91  12°  F.  equals  0.0841  lb.  per  cu.  ft.  of  air,  or  0.0842 

2.12  32°  F.  equals  0.0805  lb.  per  cu.  ft.  of  air,  or  0.0807 

4.38  52°  F.  equals  0.0772  lb.  per  cu.  ft.  of  air,  or  0.0776 

8.54  72°  F.  equals  0.0739  lb.  per  cu.  ft  of  air,  or  0.0747 

15.75  92°  F.  equals  0.0707  lb.  per  cu.  ft.  of  air,  or  0.0720 

Table  II.  shows  that  a  change  of  every  20°  F.  is  equivalent 
to  a  change  of  4  per  cent,  of  the  actual  weight  of  the  air 
pumped  into  the  furnace  per  revolution,  or  every  5°  F.  is  equiv- 
alent to  1  per  cent,  of  the  air  by  weight.  Taking  this  on  ap- 
proximateh^  40,000  cu.  ft.  per  minute  blown  at  the  Isabella 
works  for  one  furnace,  this  1  per  cent,  of  difference  in  weight 
of  air  for  every  5°  would  be  equivalent  to  about  400  cu.  ft. 
per  minute,  or  a  little  more  than  the  air  blown  in  by  one  revo- 
lution. The  effect  of  this  can  be  shown  in  several  v/ays.  For 
instance,  comparing  Furnaces  Nos.  1  and  3,  the  former  run- 
ning on  dry-blast  and  the  latter  on  natural  air,  both  with  the 
same  air-cylinder  capacity  per  min.  (377  cu.  ft.  per  rev.),  we  find 
that  jSTo.  1  ran  96  rev.,  or  36,192  cu.  ft.  per  min.,  or  52,116,- 
480  cu.  ft.  per  24  hr.,  dry-air  blast  entering  at  28°  (the  weight 
of  the  air  saturated  at  2  grains  of  moisture  being  0.081  lb. 
per  cu.  ft),  and  gave  4,221,435  lb.  of  air  in  24  hr.,  while  No.  3 
ran  113  rev.,  or  42,601  cu,  ft.  per  min.,  or  61,345,440  cu.  ft. 
per  24  hr.,  normal  air  entering  at  90°  (the  weight  of  the  air  with 
5  grains  of  moisture  being  0.0711  lb.  per  cu.  ft.)  and  gave 
4,361,660  lb.  of  air  in  24  hours. 

In  other  words,  about  3.75  per  cent,  less  air  goes  in  on  15 
per  cent,  less  blowing-requirement.  As  the  temperature  of  the 
dry-air  blast  varies  somewhat,  and  is  usually  lower,  it  can  be 
accepted  that  practically  the  same  amount  of  air  enters  by 
weight  in  the  above  stated  conditions,  thus  materially  reducing 
the  power  required. 
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To  show  more  clearly  the   effect  of  uniformity  of  tempera- 
ture, the  data  have  been  arranged  in  Tables  III.  and  IV. 

Table  III. — Some  Results  of  the  Dry-Blast  Period 
of  Furnace  No.  1. 


1904. 

Daily  Pig- 
iron  Make. 
Tons. 

Coke- 
Consump- 
tion. 
Pounds. 

Moisture 

in 

Dry-Blast. 

Grains. 

Moisture 

in 

Air. 

Grains. 

Temp. 

of 

Di-y-Blast. 

°F. 

Temp. 

of 
Atmos. 

°F. 

August, 

.     .     448 

1,753 

1.80 

5.62 

27.1 

71.0 

SeptembaP, 

.     .     442 

1,754 

1.56 

5.15 

22.0 

71.5 

October, 

.     .    "416 

1,862 

1.18 

3.11 

18.0 

55.5 

November, 

.     .     442 

1,816 

1.02 

1.99 

19.0 

44.0 

December, 

.     .     445 

1,823 

1.03 

1.43 

17.5 

33.5 

1905. 
January,     .     . 

.     .     428 

1,822 

0.76 

1.46 

13.5 

30.5 

August,        .     . 

.     .     411 

1,829 

1.70 

5.94 

23.0 

75.0 

This  indicates  that,  per  se,  the  moisture-content  is  not  so 
controlling  a  factor  as  the  temperature,  or  rather  the  uniformity 
of  temperature.  The  differences  in  temperature  in  dry  air^ 
though  comparatively  much  less  violent  than  those  of  moisture, 
are,  of  course,  almost  stationary  compared  to  the  differences  in 
temperature  of  normal  atmosphere  as  shown  in  the  normal- 
blast  period.  As  this  matter  appears  of  prime  importance,  I 
have  arranged  a  similar  statement  of  the  dry-blast  period  of 
Furnace  No.  3  in  Table  IV.,  in  which  the  results  appear  of 
importance  in  showing  that  iron-production  and  coke-consump- 
tion are  not  entirely  dependent  on  actual  moisture-variations 
from  month  to  month,  in  the  dry-blast,  or  on  even  wider  varia- 
tions in  the  natural  atmospheric  air.  They  indicate,  also,  that 
the  benefits  secured  are  derived  largely  from  the  general  uni- 
formity in  the  moisture-content  as  well  as  the  low  degree  of 
temperature  of  the  air  supplied  to  the  blowing  engines  ob- 
tained through  the  use  of  dry-blast. 


Table  IV. — Some  Results  of  the  Dry-Blast  Period 
of  Furnace  No.  3. 

Coke-  Moisture  Moisture          Temp.  Temp. 

Daily  Pig-       Consump-  in  in                     of                of 

Iron  Make.         tion.  Drv-Blast.  Air.            Dry-Blast.  Atmos. 

1905.                               Tons.           Pounds.  Grains.  Grains.                °F.              °F. 

February,   ....     418             1,850  0.60  1.18             15.0             22.8 

March,  .....     407             1,837  0.95  2.26             14.0            43.8 

April, 398             2,095  1.04  2.57             16.0            49.2 

May, 436            2,024  1.50  4.08            23.0            62.2 

June 415             1,965  1.70  5.76            24.0            71.1 

vol..  xxxvii. — 14 
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The  actual  lowering  of  both  moisture  and  temperature  is,  of 
course,  a  very  influential  factor ;  but  the  variation  of  moisture 
within  certain  limits  seems  to  be  less  important  than  the  ap- 
proximate uniformity  in  the  weight  of  air  going  into  the  fur- 
nace,— the  low  temperature  increasing  the  actual  weight  of  air 
per  revolution,  or  permitting  the  same  amount  of  colder  air  by 
weight  to  be  blown  in  by  fewer  revolutions. 

Mr.  R.  A.  Hadfield,  in  his  recent  Presidential  address,*  quot- 
ing an  opinion  that  the  economies  ascribed  to  drj'-blast  "  were 
conclusively  shown  to  be  due  to  increasing  the  burden  of  ore 
and  the  quantity  of  lime  in  the  cinder,  rather  than  to  the  use 
of  dry-air,"  says  : 

"  It  is  well  known  that,  by  increasing  the  burden  of  ore  on  a  furnace,  the  tem- 
perature of  the  escaping  gases  is  lowered,  the  quantity  of  fuel  required  to  smelt 
a  ton  of  ore  is  reduced,  and  the  yield  of  the  furnace  is  increased." 

Since  all  well-managed  furnaces  using  natural  air  carry  al- 
ready as  much  burden  as  they  can,  a  further  economy  by 
means  of  a  simple  increase  of  burden  is  out  of  the  question, 
unless  it  be  made  practicable  by  the  use  of  the  dry-blast. 
Whether  the  direct  cause  of  such  further  economy  is  the  in- 
creased burden,  or  any  one  of  the  other  conditions  discussed 
above,  it  is  only  through  the  dry-blast  that  the  result  is  made 
possible.  Unless  it  can  be  shown  that  the  Isabella  furnaces, 
when  operated  with  natural  blast,  did  not  carry  as  heavy  a 
burden  or  as  much  lime  as  they  ought  to  have  carried  under 
the  circumstances,  this  criticism  falls  to  the  ground. 

If  any  one  eftect  of  the  dry-blast  is  to  be  emphasized  as  the 
chief  cause  of  the  resultant  economy,  it  is,  as  already  remarked, 
the  uniformity  of  the  conditions  secured  combined  with  as  low 
temperature  as  possible  (however  they  are  characterized).  To 
secure  this  all-important  uniformit} ,  it  is  evident  that  care  must 
be  taken  to  preserve  unchanged  the  temperature  of  the  air  be- 
tween the  cold-air  chamber  and  the  engine-cylinder.  This 
should  be  secured  by  properly  covering  the  pipes. 

The  following  comparative  statements  and  tables  are  offered  in 
additional  support  and  explanation  of  the  views  above  set  forth  : 

In  order  to  emphasize  further  the  eftect  of  uniform  and 
steady  dry-blast,  both  as  to  moisture  and  temperature,  refer- 
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ence  should  be  made  to  the  record  of  Furnace  ISTo.  3  for  Janu- 
ary, February  and  March,  1905.  During  these  months  dry- 
blast  was  held  very  steady  in  moisture  and  in  temperature,  the 
former  being  between  0.5  grain  and  1  grain,  with  an  extreme 
variation  of  0.5  grain,  and  the  latter  between  5°  and  15°  F. 
(average,  10°  F.),  with  an  extreme  variation  of  10°  F. 

The  coke-consumption  of  Furnace  No.  3  for  these  three 
months,  with  50  per  cent.  Mesabi  ore,  producing  basic  low-sili- 
con iron,  was: — January  (1905),  1,824;  February,  1,815;  and 
March,  1,787  lb. 

After  this  period,  the  dry-air  plant  was  not  able  to  hold  its 
moisture  as  low,  or  its  temperature  as  steady,  for  the  balance 
of  dry-blast  run  on  Furnace  No.  3,  the  effect  being  shown  in 
Tables  V.  and  VI. 

Table  V. — Moisture-  Variation  of  Dry-Blast,  Furnace  No.  3. 

April,  1905,  0.5    grain  to  1.75  grains — Extreme  variation  :  1.25  grains. 

May,     190"),  0.75  grain  to  2.25  grains — Extreme  variation  :  1.5    grains. 

June,   1905,  1.25  grains  to  2.50  grains — Extreme  variation  :  1.25  grains. 

July,    1905,  l.UO  grain   to  2.25  grains — Extreme  variation  :  1.25  grains. 

Table  VI. —  Temperature-Variation  of  Dry-Blast,  Furnace 

No.  3. 

"■April,  1905,  10°  to  25° — Actual  average  17° — Extreme  variation:  15° 
May,  1905,  15°  to  30° — Actual  average  25° — Extreme  variation  :  15° 
June,  1905,  2u°  to  30°— Actual  average  30°— Extreme  variation  :  10° 
July,     1905,  15°  to  30°  — Actual  average  23° — Extreme  variation  :  15° 

*  Dry-blast  conditions  were  better  in  April  on  account  of  the  lower  moisture 
of  the  outside  atmosphere  than  in  the  following  months. 

The  coke-consumption  of  Furnace  No.  3  during  these 
months,  with  50  per  cent.  Mesabi  ore,  producing  Bessemer 
high-silicon  iron,  was :— April  (1905),  2,083;  May,  2,032; 
June,  1,973;  and  July,  2,081  lb. 

It  will  be  noted  that  June,  showing  the  lowest  coke-consump- 
tion, has  the  least  variation  in  the  temperature  of  the  dry-blast. 
The  difference  in  fuel-consumption  for  these  months  between 
natural-  and  dry-air  blast  was  less  than  the  average  practice,  for 
the  reasons  given  below. 

The  disturbing  factors  during  these  four  months  of  1905 
were  troubles  at  the  furnace  due  to  accidents  and  repairs,  and 
to  the  leakage  of  bosh-plates.     Moreover,  the  furnace  used. 
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during  that  time,  a  large  proportion  of  very  fine  ore,  and  made 
a  higher  silicon  iron.  During  this  period,  the  refrigerating 
apparatus  was  less  effective,  owing  to  the  leaking  of  ammonia 
through  the  stuffing-glands.  This  was  unsuspected  for  a  long 
time,  as  the  apparatus  had  worked  perfectly  for  the  seven  pre- 
ceding months,  and  many  other  supposed  causes  were  first  in- 
vestigated. When  the  true  cause  was  finally  discovered,  it  was 
very  quickly  remedied,  as  is  shown  by  the  results  in  the  suc- 
ceeding months  of  Furnace  No.  1  (the  dry-blast  being  changed 
from  Furnace  No.  3  to  No.  1  in  August). 

In  practice,  a  variation  of  0.12  per  cent,  in  the  silicon  has 
been  found  to  be  brought  about  by  a  change  of  1  per  cent,  of 
the  burden.  Producing  basic  iron  with  1  per  cent,  and  Besse- 
mer iron  with  1.5  per  cent,  of  silicon,  gives  0.50  —  0.12  =  4.17 
per  cent,  decrease  in  the  burden;  or  2.08  per  cent,  increase  in 
coke,  since  ore-burden  to  coke-consumption  is  approximately 
as  2  to  1.  The  average  coke-consumption  during  the  first 
three  months  of  1905  for  Furnace  No.  3  was  about  1,800  lb. 
per  ton  of  pig-iron  produced;  2.08  per  cent,  of  this  is  an  in- 
crease of  37  pounds.  In  Furnace  No.  3,  the  coke-consumption 
on  Bessemer  iron  during  April  to  June,  1905,  was  2,080,  or 
280  lb.  higher  than  in  the  first  three  months.  Deducting  from 
this  37  lb.,  due  to  the  higher  silicon,  leaves  243  lb.  more  coke 
consumed,  due  to  furnace  irregularities  and  poor  dry-blast  con- 
ditions. As  neither  of  the  two  factors  of  fine  ore  and  high 
silicon  changed  the  results  materially  when  they  occurred  dur- 
ing natural-air  periods,  I  do  not  consider  them  as  very  serious 
factors  in  raising  the  coke-consumption  in  this  case;  but  the 
furnace  conditions  would  affect  the  results  seriously,  as  would 
also  the  poorer  dry -blast  conditions. 

Comparing  the  foregoing  with  Furnace  No.  1  while  on  dry- 
blast,  we  find  the  following  : 

Table  VII. — Moisture-  Variation  of  Dry-Blast,  Furnace  No.  1. 

August,  1904,  1.50  grains  to  2.00  grains — Extreme  variation  :  0.5  grain. 
Sept.,  1904,  1.00  grain  to  2.00  grains — Extreme  variation  :  1.5  grains. 
Oct.,  1904,  1.00  grain  to  1.5  grains — Extreme  variation  :  0.5  grain. 
Nov.,  1904,  U. 75  grain  to  1.25  grains — Extreme  variation  :  0.5  grain. 
Dec,  1904,  0.75  grain  to  1.00  grain  — Extreme  variation  :  0.25  grain. 
Verv  few  variations  above  or  below  these  figures. 
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Table  VIII. —  Temperature- Variatio a  of  Dry-Blast,  Furnace 

No.  1. 

Aug.,  1904  (20  days),  15°  to  30°— Actual  average  22°— Extreme  variation  :  15° 
Sept.,  1904,  5°  to  25°— Actual  average  l»i°— Extreme  variation  :  20° 

Oct.,    1904,  10°  to  20°— Actual  average  18°— Extreme  variation  :  10° 

Nov.,  1904,  15°  to  20° — Actual  average  18° — Extreme  variation  :     5° 

Dec,   1904,  10°  to  20°— Actual  average  18°— Extreme  variation  :  10° 

Very  few  variations  above  or  below  these  figures.  In  September,  temperature 
and  moisture  variations  were  greatest,  but  temperature  was  very  low  and  coke- 
consumption  was  1,754  lb.  for  that  month. 

The  coke-consumption  on  Furnace  Xo.  1  with  dry-blast  on 

basic  low-silicon  iron,  50  per  cent.  Mesabi  ore,  during  these 

mouths  was  : 

In  August,  1904  (20  days',  1,753  lb. 
In  Sept.,      1904,  1,754  1b. 

In  Oct.,        1904,  1,862  1b. 

In  Nov.,      1904,  1,816  1b. 

In  Dec,       1904,  1,823  lb. 

Comparing  this  with  the  higher  coke-consumption  on  Fur- 
nace JSTo.  3  from  April  to  July,  1905,  and  the  dry-air  condi- 
tions prevailing  during  those  periods,  it  would  indicate  that 
more  uniformity  and  steadiness  of  dry-blast  conditions  existed 
during  periods  of  lower  coke-consumption,  and  that  the  low 
temperature  and  the  low  moisture-content  of  the  dry-blast, 
combined  with  the  least  possible  variation,  appear  to  give  the 
best  results  for  low  coke-consumption. 

The  dift'erence  due  to  temperature-variations  under  dry-blast 
conditions,  as  shown  above,  can  be  also  shown  as  follows : — 

At  18°  F.,  40,000  cu.  ft.  is  3,320  lb.  of  air  per  minute. 
At  24°  F.,  40,000  cu.  ft.  is  3,276  lb.  of  air  per  minute. 

That  is  to  say,  44  lb.  less  air  per  minute  (equivalent  to  63,360  lb.  per  24  hr.  >  are 
blown  into  the  furnace  by  the  same  number  of  revolutions,  under  an  increase  of 
6°  F.  in  temperature.  This  represents  about  the  difference  between  Furnaces 
No.  1  and  No.  3  during  the  dry -blast  periods. 

This  difference  in  the  amount  of  air  blown  in  would  affect 
the  running  of  the  furnace  as  follows :  Under  given  pressure 
and  temperature  of  blast,  the  more  air  blown  in  per  minute, 
the  more  rapid  the  combustion,  and,  consequently,  the  greater 
the  heat  of  combustion,  per  unit  of  time.  This  rapidly  in- 
creases the  heat  available  for  melting  the  material,  and  conse- 
quently diminishes  the  amount  of  actual  fuel  required  to  melt 
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the  same  amount  of  material,  through  greater  intensity  of  heat 
for  more  rapid  and  complete  combustion,  and  through  a  greater 
concentration  of  heat  in  the  fusion-zone,  bringing  the  latter 
closer  to  the  tuyeres,  where  its  best  effect  can  be  obtained. 
This  is  true,  of  course,  ahvays  within  certain  limits,  dependent 
upon  the  capacity  and  condition  of  each  separate  furnace. 


The  general  conclusions  reached  through  a  study  of  all  avail- 
able trustworthy  data  may  be  summarized  as  follows : 

1.  Increased  blast-temperature  alone  cannot  account  for  a 
decrease  of  20  per  cent,  in  the  coke-consumption,  and  an  in- 
crease of  20  per  cent,  in  the  product  of  pig-iron.  There  was 
no  significant  increase  in  blast-temperature  at  the  Isabella  fur- 
naces while  they  used  dry-blast;  and  the  records  of  those  blast- 
furnaces which  show  a  low  fuel-consumption  are  not,  in  gen- 
eral, characterized  by  a  blast-temperature  sufiiciently  higher 
than  that  of  the  Isabella  furnaces  to  account  for  their  economy 
in  fuel.  This  economy  is  doubtless  due  to  innumerable  local 
conditions, — such  as  character,  richness  and  uniformity  of  ore, 
nature  of  fuel  and  flux,  dimensions,  shape  and  condition  of 
furnace,  perfection  of  machinery,  intelligence  and  vigilance  of 
management  and  working-force,  etc.,  which  ever}'  scientific 
furnace-manager  takes  into  account  in  estimating  the  signifi- 
cance of  his  own  experience,  or  comparing  it  with  the  experi- 
ence of  others.  If  all  these  elements  of  the  problem  could  be 
made  alike  at  all  blast-furnaces,  normal  results  of  a  given  pro- 
cedure could  be  at  once  determined,  and  any  proposed  change 
could  be  instantly  weighed  and  judged.  Such  complete  uni- 
formity is  obviously  impracticable ;  but  a  device  which  operates 
in  that  direction,  by  removing  all  irregularity  in  a  fundamental 
and  most  troublesome  (though,  hitherto,  little  regarded)  factor, 
must  recommend  itself  as  an  aid  to  those  managers  who  have 
to  deal  with  special  local  disadvantages  in  other  respects,  as 
well  as  to  those  who,  by  reason  of  fortunate  conditions,  are  al- 
ready making  the  best  technical  records. 

2.  The  theoretically  calculated  effect  of  higher  blast-tempera- 
ture upon  fuel-economy,  etc.,  though  possibly  realized  in  isolated 
cases,  is  not  confirmed  in  general  practice,  which  indicates  a 
considerably  lower    net    result.      Our  modern    blast-furnaces, 
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equipped  with  stoves  for  producing  high  temperatures  of  blast, 
have  undoubtedly  achieved  much  gain  in  product  and  fuel- 
economy,  but  not  enough  to  equal  the  gains  secured  in  those 
respects  by  drying  the  blast — gains,  in  fact,  which  can  be  added 
to  those  of  such  previous  progress. 

Thus,  the  proposition  that  an  increase  of  300°  F.  in  blast- 
temperature  would  effect  a  decrease  of  400  lb.  in  coke-consump- 
tion per  ton  of  pig-iron  produced  is  not  confirmed  by  available 
records  of  practice,  which  indicate  as  the  attainable  saving  from 
this  source  about  50  lb.  of  coke  for  each  100°  F.  of  increase 
in  temperature. 

3.  Of  the  furnaces  using  natural-air  blast,  it  is  usually  the 
new  ones  that  show  high  production  with  low  coke-consump- 
tion. As  the  period  of  operation  increases,  the  tendency  to  a 
reversal  of  these  results  becomes  more  and  more  evident.  To 
this  general  rule,  I  have  found  few  exceptions ;  and  these  were 
largely  due  to  local  conditions,  not  to  be  duplicated  at  other 
plants.  This  point  seems  worthy  of  consideration,  because  the 
results  thus  far  reported  as  to  Mr.  Gayley's  invention  were  ob- 
tained from  furnaces  already  a  long  time  in  operation,  and  far 
from  perfect  in  general  condition. 

4.  The  advantageous  results  obtained  from  the  dry-blast  are 
not  sensibly  aftected  by  changes  of  season.  This  method  is 
equally  efficacious  at  all  seasons  of  the  year. 

5.  With  due  allowance  for  local  conditions,  it  may  be  safely 
inferred  that,  at  furnaces  averaging  more  than  2,100  lb.  of 
coke  per  ton  of  product,  from  10  to  20  per  cent,  of  gain  in  pro- 
duct and  of  saving  in  fuel  can  be  effected  by  the  use  of  dry- 
blast.  At  furnaces  already  using  less  than  this  proportion  of 
coke,  the  gain  jnay  be  somewhat  smaller.  To  what  extent,  for 
instance,  the  fuel-consumption  of  a  furnace  already  making,  on 
natural-air  blast,  a  ton  of  pig-iron  with,  say,  1,850  lb.  of  coke, 
could  be  further  reduced  by  artificially  drying  the  blast,  is  a 
question  to  be  settled  by  actual  experiment. 

6.  Apart  from  all  other  theoretical  gains  realized  by  the  desic- 
cation of  the  blast,  my  study  of  the  records  of  practice  im- 
presses upon  me  the  predominant  importance  of  the  uniform 
and  regular  running  of  the  furnace  thereby  secured.  This  may 
be  said  to  have  been  ignored  in  scientific  discussions  of  blast- 
furnace practice  before  Mr.  Gayley's  paper  appeared.     The  de- 
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sirability  of  removing  moisture  from  the  blast  had  been  fre- 
quently suggested  bj  technical  authors,  but  the  theoretical  ad- 
vantages to  be  thus  realized  did  not  seem  to  be  commensurate 
with  the  expenditure  involved.  As  Mr.  Cochrane  tersely  put 
it,  "  the  game  was  not  worth  the  candle,"  It  remained  for  Mr. 
Gayley  to  demonstrate  a  gain,  not  included  in  theoretical  argu- 
ments, yet  perhaps  greater  than  any  other  therein  considered : 
namely,  that  of  uniform  and  perfectly  controllable  furnace- 
operation,  and  the  consequent  diminution  of  the  amount  of 
superfluous  fuel  hitherto  carried  as  a  "  margin  of  safety,"  to 
meet  the  unforeseen  contingencies  of  the  '^  behavior  "  of  the 
blast-furnace.  This  element  has  never  been  definitely  meas- 
ured in  estimates  of  cost ;  but  it  is  probable  that  every  furnace 
manager  would  rate  it  above  most  other  elements,  as  a  factor 
of  actual  business  cost. 

Discussion. 

H.  M.  Howe,  LL.D.,  Xew  York,  N.  Y.  :^ — The  greater  regu- 
larity of  furnace-working,  emphasized  as  the  most  important 
cause  of  the  economies  attending  the  Gayley  drj'-blast  process, 
furnishes,  in  my  opinion,  an  explanation  which  does  not  ex- 
plain, since  it  leaves  the  question  still  to  be  answered,  how  and 
wh}'  the  fuel-economy  ascribed  to  this  regularity  can  be  so 
astonishingly  great. 

In  the  decades  during  which  I  have  had  to  do  with  actual 
metallurgical  manufacture  as  learner,  then  superintendent,  then 
manager,  then  and  still  active  director,  the  importance  of  regu 
larity  has  indeed  been  impressed  on  me.  It  was  long  my 
habit  to  wake  and  time  the  revolutions  of  the  engines  against 
my  pulse-beats,  so  as  to  assure  myself  of  the  needed  regularity. 
But  regularity,  in  and  by  itself,  does  not  in. the  least  explain 
why  the  fuel-economy  which  it  gives  is  so  astonishingly  great. 
It  simply  pushes  the  difficult}'  one  step  farther  back,  leaving  it 
really  wholh'  unexplained.  But  the  explanation  is  readily 
found  if  we  take  up  the  line  of  reasoning  indicated  by  Mr.  J. 
E.  Johnson,  Jr.,^  and  push  it  beyond  the  point  at  which  he 
left  it. 


*  Professor  of  Metallurgy,  Ckjlumbia  University  in  the  City  of  New  York. 

^  Notes  on  the  Physical  Action  of  the  Blast-Furnace,  Trans.,  xxxvi. ,  p.  454. 
Mr.  Johnson  called  my  attention  to  the  importance  of  this  line  of  thought  several 
years  before  the  disclosure,  but  not  before  the  invention,  of  tlie  Gayley  process. 
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In  brief,  the  economy  of  the  dry -blast  process,  like  that  of 
the  hot-blast  process,  is  clue  essentially  to  its  widening  the  mar- 
gin between  the  temperature  developed  by  combustion  and 
what  Mr.  Johnson  calls  the  "critical"  temperature,  i.e.,  the 
temperature  at  and  above  which  certain  essential  work  of  the 
blast-furnace  process  must  be  done.  To  the  term  "  critical  tem- 
perature "  it  may  be  objected  that  this  term  has  already  been 
appropriated  by  physicists  for  another  meaning.  The  objec- 
tion has  some  force,  and  a  term  without  a  dual  meaning  would 
V>e  better.  But  after  all  "  critical  "  is  a  broad,  generic  adjec- 
tive, too  valuable  to  be  restricted  to  any  narrow  specific  sense. 

Adopting  this  term  for  lack  of  a  better,  it  is  true,  as  Mr.  John- 
son points  out,  that,  for  the  work  which  has  to  be  done  above 
this  critical  temperature,  the  only  heat  available  is  that  which 
the  gases  can  give  out  in  cooling  to  this  temperature  from  their 
combustion-temperature,  i.  e.,  the  temperature  to  which  the 
combustion  in  the  hearth  of  the  furnace  raises  them ;  because, 
once  they  have  cooled  to  the  critical  temperature,  their  remain- 
ing heat  is  no  longer  available  for  work  above  that  tempera- 
ture. The  economy  of  the  dry-blast  process,  like  that  of  the 
hot-blast  process,  is  essentially  due  to  the  fact  that  each  of  these 
processes  raises  the  temperature  which  the  combustion  in  the 
hearth  gives  to  the  gaseous  products  of  that  combustion,  and 
thus  widens  the  margin  between  the  combustion-temperature 
and  the  critical  temperature  ;  and  it  is  the  width  of  this  mar- 
gin that,  in  a  rough  way,  measures  the  degree  to  which  the 
heat  generated  can  be  utilized.  If  the  critical  temperature  is 
1,200°  C.  and  the  combustion-temperature  1,300°,  there  is  a 
margin  of  only  100° ;  raise  the  combustion-temperature  by 
100°,  or  not  quite  8  per  cent.,  and  you  double  the  margin,  and 
increase  in  a  corresponding  proportion  the  utilization  of  the 
heat. 

It  is  like  the  case  of  water  running  over  a  waste-weir  in  the 
side  of  a  canal.  If  the  depth  of  the  stream  of  water  is  origi- 
nally 50  in.,  and  the  level  of  its  upper  surface  1  in.  above  the 
bottom  of  the  waste-weir,  and  if  the  depth  of  the  water  is 
then  increased  so  as  to  raise  the  level  of  its  upper  surface  by 
1  in.,  then,  although  the  volume  and  depth  of  the  stream  as  a 
whole  are  increased  only  2  per  cent.,  yet  the  water  available 
for  flowing  through  the  waste-weir  is  increased  100  per  cent. 
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The  level  of  the  waste-weir  is  a  "  critical  "  one ;  and  the  depth 
of  water  available  for  the  waste-weir  is  the  depth  above  that 
critical  level. 

Or,  it  is  like  ntilizing  the  heat  in  a  stream  of  hot  gases  to 
heat  and  boil  water  in  a  system  of  boilers  and  feed-water  heat- 
ers, assumed  for  simplicity  to  offer  such  extended  surface  to  the 
passing  gases  as  to  give  ample  opportunity  for  extracting  from 
those  gases  all  the  heat  which  they  are  theoretically  capable  of 
giving  up.  If  the  water  enters  the  heaters  at  0°  C.  and  is  boiled 
at  atmospheric  pressure  at  100°,  then  100  calories  are  needed 
to  heat  each  kilogram  of  water  up  to  the  boiling-point,  and  536 
calories  to  boil  it.  If  now  the  hot  gases  enter  the  system  at  a 
temperature  of  101°,  they  can  give  up  to  the  work  of  boiling 
the  water  only  1°,  or  about  1  per  cent,  of  their  heat,  because 
when  they  have  cooled  from  101°  to  100°  they  have  ceased 
to  be  able  to  transfer  any  more  heat  to  water  itself  at  the  boil- 
ing-point, 100°.  They  then  pass  on  to  the  feed-water  heaters, 
still  containing  about  99  per  cent,  of  their  initial  heat.  But  all 
the  useful  work  that  they  can  do  in  these  heaters  is  to  preheat 
enough  water  to  take  the  place  of  that  which  they  have  just 
boiled  away  in  the  boiler.  And  as  the  heat  needed  in  raising 
the  water  to  its  boiling-point  is  only  100-536ths,  or  about  one- 
tifth,  of  that  needed  for  boiling  that  same  water,  and  hence  as 
the  work  of  preheating  in  the  feed-water  heaters  is  only  about 
one-fifth  that  of  boiling  in  the  boilers,  the  heaters  can  use  only 
about  one-fifth  as  much  of  the  heat  of  the  gases  as  the  boilers 
do,  or  only  about  one-fifth  of  1  per  cent,  of  the  initial  heat  of  the 
gases.  So  that  the  total  percentage  of  the  heat  of  the  gases  which 
can  be  utilized  in  the  system  of  boilers  plus  heaters  is  only 
about  1.2  per  cent.  The  rest  of  their  heat  the  gases  must  carry 
away  out  of  the  system  ;  and  this  heat  must  therefore  be  wasted. 

If,  on  the  other  hand,  the  initial  temperature  of  the  gases 
is  636°  C,  then  in  passing  through  the  tubes  of  the  boilers  they 
are  capable  of  giving  up  to  the  work  of  boiling  536°  of  their 
heat,  and  of  thus  being  cooled  to  100°  ;  passing  thence  to  the 
feed-water  heaters,  they  can  there  give  up  the  remaining  100° 
of  their  heat  to  the  work  of  preheating  the  water  which  is  to 
replace  that  which  they  have  just  boiled  away  in  the  boilers. 
And,  because  the  heat  needed  to  preheat  a  kilogram  of  water 
is  to  that  needed  for  boiling  it  as  100  is  to  536,  therefore  the  100° 
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remaining  in  the  gases  as  they  enter  the  heaters  is  just  sufficient 
to  preheat  to  100°  the  quantity  of  water  which  will  exactly  re- 
place that  which  the  gases  boiled  away  in  the  boilers  in  their 
act  of  cooling  from  636°  to  100°. 

Yet  while  Mr.  Johnson's  general  explanation  is  correct,  his 
ideas  need  to  be  much  more  carefully  defined;  and  it  is  the 
need  of  this  work  of  definition  which  leads  me  to  prepare  these 
remarks. 

In  order  that  the  width  of  the  margin  between  the  working- 
temperature  and  the  initial  temperature  of  the  gases  shall  be 
important,  it  is  essential  that  the  heat  needed  at  and  above 
that  working-temperature  shall  be  greater  than  at  the  average 
of  lower  temperatures.  To  make  this  clear,  let  us  take  the 
case  of  simply  heating  water  up  to  its  boiling-point,  but  with- 
out boiling  it.  Here,  assuming  that  the  specific  heat  of  the 
water  and  of  the  gases  respectively  is  constant  and.  does  not 
change  with  the  temperature,  then,  so  far  as  the  theoretical 
efficiency  of  the  heating-process  is  concerned,  the  heat  of  the 
gases  can  be  utilized  as  fully  if  their  initial  temperature  is 
101°  C.  as  if  it  is  1,001°.  All  that  is  necessary  is  that  there 
shall  be  some  margin  between  the  initial  heat  of  the  gases  and 
the  temperature  to  which  they  are  to  heat  the  water;  and  the 
width  of  that  margin  is  in  one  sense  absolutely  unimportant.'' 
To  heat  1  kg.  of  water  from  1°  to  100°  takes  100  calories.  If 
we  take  the  specific  heat  of  the  gases  as  0.25,  their  initial  tem- 
perature as  101°,  and  their  final  temperature  as  they  pass  out 
of  the  heater  as  1°,  then  each  kilogram  of  gas,  in  cooling  from 
101°  to  1°,  gives  out  100  X  0.25=  25  calories,  and  therefore 
100  -1-25=4  kilograms  of  gas  are  needed  for  each  kilogram 
of  water.  If  the  gas  starts  in  at  1,001°  and  escapes  at  1°,  each 
kilogram  of  gas  in  cooling  gives  out  1,000  x  0-25  =  250  calor- 
ies, and  therefore  only  100  -i-  250  =  0.4  kilogram  of  gas  is 
needed  for  each  kilogram  of  water ;  or  one-tenth  as  much  gas 
as  in  the  previous  case.     But  the  heat  in  1  kilogram  of  gas  at 

"  For  simplicity  of  presentation  I  have  purposely  ignored  some  very  evident 
and  important  practical  considerations,  such  as  that  the  wider  the  temperature- 
margin  between  the  gases  and  the  body  which  they  are  heating,  the  more  rap- 
idly and  thoroughly  will  the  transfer  of  heat  take  place.  The  assumption  that 
the  walls  of  the  boiler  and  of  the  feed-waier  heater  conduct  heat  perfectly,  and 
the  tacit  assumption  that  the  outer  walls  of  the  furnace  are  adiabatic,  of  course, 
are  made  only  to  simplify  the  discussion. 
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100°  is  the  same  as  that  in  0.1  kilogram  at  1,000°;  and,  so  far 
as  the  needs  of  the  operation  are  concerned,  a  given  calorie  can 
be  used  as  efficiently  in  one  case  as  in  the  other.  This  is  essen- 
tially because  the  water,  in  each  degree  of  its  rise  from  0°  to 
100°,  needs  the  same  quantity  oi  heat;  and  the  gases  in  cool- 
ing through  each  degree  from  100°  to  1°  give  out  the  same 
quantity  of  heat;  so  that,  assuming  that  our  walls  are  perfect 
conductors  of  heat,  it  is  only  a  question  of  proper  mechanical 
arrangements  to  transfer  the  heat  given  out  by  the  gas  in  cool- 
ing from  101°  to  100°  to  water  which  is  simultaneously  rising 
from  99°  to  100°;  and  the  heat  which  the  gas  gives  out  in 
cooling  from  100°  to  99°  to  water  which  is  simultaneously 
rising  from  98  to  99°,  and  so  on.  If  this  mechanical  arrange- 
ment is  perfected,  the  whole  of  the  heat  given  out  by  the  gases 
in  thus  cooling  from  101°  to  1°  can  be  utilized  and  absorbed 
in  heating  water  from  0°  to  100°. 

But,  if  the  water  has  not  only  to  be  heated  to  100°,  but  also 
boiled  at  100°,  then  only  the  heat  in  the  gases  above  100°  is 
available  for  that  boiling;  and,  in  order  that  the  heat  which 
those  gases  contain  after  cooling  to  100°  shall  be  utilizable 
in  the  work  of  heating  the  water  up  to  100°,  the  quantity 
of  gas  must  be  so  small  that  the  water  in  rising  from  0°  to 
100°  shall  be  capable  of  absorbing  all  that  heat;  and  in  order 
that  the  quantity  of  this  gas  which  shall  have  boiled  a  given 
quantit}'  of  water  shall  be  small,  its  initial  temperature  before 
it  bes^an  transferring;  its  heat  to  the  work  of  boilins;  must  be 
high. 

Hence  the  need  of  a  wide  margin  of  temperature  between 
the  initial  and  the  working-temperature  in  processes  which, 
like  the  boiling  of  water,  have  a  critical  temperature;  and  the 
relative  unimportance  of  the  width  of  that  margin  in  processes 
which,  like  the  simple  heating  of  water,  have  no  critical  tem- 
perature. 

The  reason  why  the  importance  of  the  margin  between  the 
initial  gas  temperature  and  critical  temperature  has  generally 
been  overlooked  is  that,  in  most  of  our  heating  processes,  the 
margin  is  naturally  so  very  wide  that  slight  current  variations 
in  its  width  are  unimportant.  It  is  the  natural  narrowness  of 
this  margin  in  the  blast-furnace  process  that  gives  to  the  hot- 
blast  and  the  dried  blast  their  very  great  value,  and  will  some 


NOTES    ON    THE    GAYLEY    DRY-AIR    BLAST-PROCESS.  221 

day  give  a  still  greater  value  to  processes  for  lessening  the 
nitrogen  in  the  blast. 

From  these  considerations  I  deduce  the  formula  given  below. 

If  we  let  tg  =  the  critical  temperature ;  ti  =  the  initial  tem- 
perature of  the  gas  (which  is  usually  its  combustion-tempera- 
ture) ;  he  =  the  heat  needed  at  and  above  the  critical  tem- 
perature, and  hyj  =  the  heat  needed  for  raising  the  materials  to 
be  heated  to  the  critical  temperature ;  then  in  order  that  the 
heat  shall  be  thoroughly  utilized,  and  may  be  thoroughly  re- 
covered from  the  escaping  products  of  combustion,  it  is  neces- 
sary that  the  initial  gas-temperature  should  be  at  least  as  high 
as  is  called  for  by  the  formula 

(1)  (tj  —  %) :  te  =  he  :  hb,  whence 

(2)  ,=t.(i  +  ;i^). 

Or,  if  we  take  into  account  the  variations  in  specific  heat, 
and  let  Se  ^  the  mean  specific  heat  of  the  gases  between  the 
critical  temperature  and  their  initial  temperature,  and  S^  = 
their  mean  specific  heat  between  the  critical  temperature  and 
that  of  the  atmosphere,  then  for  formula  (1)  we  should  sub- 
stitute : 

(3)  (ti  X  Sc — tb  X  Sb);  tb  X  Sb=  he :  hb,  and  for  equation  (2), 

The  matter  may  be  made  clearer  to  some  by  looking  at  it 
in  another  way.  Let  us  put  ourselves  in  the  position  of  one 
using  the  dry-blast  process,  and  then  see  what  effect  on  the  fuel- 
consumption  ought  to  be  expected  as  the  result  of  adding 
moisture  to  the  blast.  This  not  only  calls  for  extra  fuel  to  sup- 
ply the  extra  heat  needed  for  heating  and  dissociating  this  mois- 
ture, but  (like  cooling  the  blast  or  diluting  it  with  additional 
nitrogen)  by  lowering  the  temperature  which  combustion  de- 
velops, it  narrows  the  already  narrow  margin  between  that  tem- 
perature and  the  critical  temperature,  above  which  a  very  much 
larger  quantity  of  heat  is  needed  to  make  good  the  absorption 
due  to  the  latent  heat  of  fusion  of  iron  and  slag,  and  probably 
of  deoxidizing  silica  and  lime,  than  is  needed  at  the  average 
of  lower  temperatures.  The  combustion-temperature  with 
moist-blast  in  Mr.  Gayley's  practice  seems  to  be  further  low- 
ered, and  this  margin  thereby  further  narrowed,  by  a  decided 
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lowering  of  the  blast-temperature  due  to  the  fact  that,  with 
the  hot-blast  stoves  used,  the  larger  quantitj'  of  blast  needed 
could  not  be  heated  so  hot,  although  the  gas  used  for  heating 
it  seems  to  have  increased  in  quantity  proportionally,  and  to 
have  improved  in  quality.  This  part  of  the  narrowing  of  the 
temperature-margin  might  perhaps  be  made  good  by  enlarging 
the  hot-blast  stoves. 

If  the  narrowing  of  this  margin  is  to  be  atoned  for  b}'  burn- 
ing more  fuel,  then  of  the  heat  generated  by  that  fuel  only  that 
corresponding  to  the  narrowed  margin  between  the  combustion 
and  the  critical  temperatures  can  be  utilized.  Of  that  repre- 
sented by  the  range  of  temperature  below  this,  we  see  no  strong 
reason  to  expect  that  any  important  part  can  be  recovered  from 
the  products  of  the  combustion  of  this  extra  fuel  by  the  de- 
scending solids,  nor  can  the  carbon  monoxide  generated  by  this 
extra  fuel  be  converted  into  carbon  dioxide  by  those  solids,  be- 
cause, even  with  hot  and  dried  blast,  the  power  of  those  solids 
to  absorb  heat  and  to  oxidize  carbon  monoxide  appears  to  be 
already  fully  utilized,  so  that  we  have  no  strong  reason  to  think 
that  they  can  do  more  in  either  respect.  This  extra  quantity 
of  carbon  monoxide  and  this  extra  heat  may  therefore  be  ex- 
pected to  be  present  in  the  gases  when  they  escape  from  the 
top  of  the  furnace ;  and  these  gases  should  therefore  both  be 
hotter  and  have  a  lower  ratio  of  CO^ :  CO  with  moist  than  with 
dried  blast.  Indeed,  the  quantity  of  carbon  monoxide  in  the 
escaping  gases  should  be  even  greater  than  this  would  imply, 
because,  being  hotter,  their  carbon  dioxide  should  react  the 
more  energetically  upon  the  entering  coke,  and  thereby  be  re- 
duced to  carbon  monoxide,  and  further  increase  the  fuel  con- 
sumption by  thus  dissolving  awaj-  part  of  the  entering  coke, 
which  must  be  replaced  by  more  extra  fuel. 

Indeed,  the  matter  is  still  worse.  Narrowing  the  margin 
between  the  combustion  and  the  critical  temperatures  lessens 
the  thoroughness  with  which  even  the  heat  represented  by  the 
narrowed  margin  can  be  utilized  even  for  the  critical  work, 
first  because  the  cooler  gases  transfer  their  heat  to  the  solid 
and  molten  matter  less  rapidly  because  of  the  narrowed  tem- 
perature-margin between  them,  and  next  because,  thanks  to 
their  greater  weight  and  hence  volume,  they  pass  more  rapidly 
by  that  matter.  The  heat-transfer  is  slower,  and  the  time  al- 
lowed for  the  transfer  is  shorter. 


i 
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This  statement  in  reverse,  so  to  speak,  is  taken  with  some 
moditication  from  a  more  extended  discussion  of  the  whole 
subject,*  to  which  I  refer  those  who  may  care  for  my  views  on 
this  interesting  question. 

Joseph  W.  Kichards,  Bethlehem,  Pa.  :^ — Mr.  Meissner's  in- 
teresting communication  confirms  the  statements  of  the  former 
papers  presented  to  the  Institute  by  Mr.  Gayley,  and  while 
practically  proving  the  facts  beyond  peradventure,  challenges 
the  scientific  world  for  a  satisfactory  explanation.  The  weight 
of  opinion,  as  expressed  by  Mr.  Gayley  and  others  who  have 
discussed  the  subject,  is  that  the  increased  regularity  of  work- 
ing of  the  furnace  blowni  by  dried  air  is  the  all-important  cause 
of  the  economy  obtained.  This  statement,  however,  is  no  expla- 
nation of  the  matter;  and  the  question  at  once  arises  as  to 
why  increased  regularity  is  obtained,  and  why  irregularities 
occur  if  the  blast  be  not  dried.  If  a  new  administration  of  a 
railroad  obtains  better  results  by  increasing  the  regularity  of 
running  of  its  trains,  it  is  a  true  statement  to  say  that  the 
greater  capacity  of  the  railroad  is  due  to  increased  regularity 
of  operation ;  but  the  real  question  is,  "  How  has  the  increased 
regularity  been  obtained  ?  " 

By  regularity  of  operation  is  meant  uniformity  of  tempera- 
ture before  the  tuyeres,  uniformity  of  grade  of  iron  made,  and 
uniformity  of  amount  of  output.  It  is  admitted  that  the  ordi- 
nary farnace  is  subject  to  irregularities  in  these  respects ;  in 
fact,  to  such  suddenly  occurring  irregularities  that  it  is  neces- 
sary to  forestall  them  by  providing  always  enough  fuel  in  the 
charge  to  meet  the  worst  irregularities  which  may  occur.  It 
takes  about  24  hours  for  a  change  in  the  burden  charged  to 
have  an  efi^ect  at  the  region  of  the  tuyeres,  while  serious  irregu- 
larities may  occur  within  6  or  even  3  hours,  which  it  is  there- 
fore impossible  to  meet  promptly  by  changing  the  burden. 
Under  these  conditions,  it  being  necessary  to  be  always  "  pre- 
pared for  the  worst,"  the  blast-furnace  manager  is  not  foot-free 
to  take  full  advantage  of  the  most  favorable  conditions.  If  he 
can,  therefore,  be  assured   of  uniformly  favorable  conditions, 

8  Iron,  Steel  and  Other  Alloys,  by  Henry  M.  Howe,  2d  edition,  pp.   457  to  475 
( 1906).     Cambridge,  Mass.  :  Albert  Sanveur. 
^  Professor  of  Metallurgy,  Lehigh  University,  Soutli  Bethlehem,  Pa. 
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such  as  drying  the  blast  provides,  he  can  dispense  with  the  or- 
dinary margin  of  insurance  against  unfavorable  conditions,  and 
run  uniformly  with  the  lowest  possible  fuel-charge.  It  is,  there- 
fore, absolutely  true  that  the  uniform  conditions  obtained  by 
drying  the  blast  do  enable  the  blast-furnace  manager  to  econo- 
mize:  the  real  solution  or  explanation  of  the  ultimate  "why?" 
has,  however,  still  to  be  given. 

The  true  logic  of  the  situation  is  this  :  The  uniform  conditions 
obtained  by  drying  the  blast  would  produce  no  economies  if  they 
were  not  uniformly  favorable  conditions.  If  the  conditions  were 
such  as  to  be  uniformly  the  worst  which  could  occur,  the  blast- 
furnace manager  would  have  uniformity,  but  no  one  will  main- 
tain that  he  could  economize  thereby.  Drying  the  blast  produces 
uniformity  of  the  favorable  type ;  and  this  is  the  only  kind  of 
uniformity  which  will  assist  the  manager.  With  blast  not  dried, 
the  non-uniform  conditions  which  cause  unfavorable  irregular- 
ities are  the  varying  temperature  and  moisture-content  of  the 
outside  air.  "With  cold,  dry  air  the  furnace  does  its  best ;  with 
warm,  moist  air  it  does  its  worst;  sudden  changes  cannot  be 
altogether  foreseen ;  and,  therefore,  the  manager  must  always 
be  prepared  for  them  by  using  a  large  fuel-ratio  in  the  charge. 
The  drj^-blast  provides  the  uniformly  favorable  condition,  and 
therefore  gives  the  basis  for  the  economies  realized.  The  whole 
question  thus  resolves  itself  into  the  query,  "  Why  is  the  use  of 
dried  blast,  of  uniform  composition  and  low  temperature,  bet- 
ter than  the  use  of  moist  blast  of  non-uniform  composition  and 
varying  temperature  ?  " 

The  real  explanation  is  two-fold.  One  reason  is,  that  with 
blast  of  uniformly  low  temperature  coming  to  the  blowing 
cylinders,  more  oxygen  is  pumped  into  the  furnace  per  day, 
thus  increasing  the  rate  of  driving,  other  conditions  remaining 
iixed ;  the  second  reason  is,  that  the  absence  of  moisture  in 
the  dried  blast  results  in  a  higher  temperature  in  the  region  of 
the  tuyeres,  thus  increasing  the  reducing-power  and  smelting- 
clown  capacity,  and  incidentally  inducing  several  other  favor- 
able conditions. 

It  needs  no  argument  to  show  that,  if  the  engines  are  run- 
ning uniformly,  the  amount  of  oxygen  drawn  into  the  cylinders 
(independent  of  the  amount  of  moisture  in  the  air)  is  a  function 
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of  the  temperature,  varying  inversely  as  the  absolute  temper- 
ature (from  -273°  C.  or  -458°  F.)  Air  at  0°  C,  for  instance, 
contains  10  per  cent,  more  oxygen  than  air  at  30°  C,  and 
therefore,  with  engines  running  uniformly,  10  per  cent,  more 
carbon  would  be  burned  at  the  tuyeres,  per  da}',  with  air  at  0°  C. 
than  with  air  at  30°  C. — altogether  aside  from  any  question  of 
moisture.  If  the  air  at  the  two  temperatures  named  did  contain 
identical  quantities  of  moisture,  the  temperature  at  the  tuyeres 
would  be  practically  the  same,  in  the  two  cases,  and  the  ore 
smelted  per  day  would  be  a  little  more  than  10  per  cent, 
greater  with  the  cold  air,  because  the  greater  speed  of  run- 
ning would  reduce  radiation-losses  and  slightly  increase  the 
smelting-power  of  the  furnace  per  unit  of  fuel  burnt  at  the 
tuyeres. 

The  second  reason,  and  the  most  important  one,  has  been 
discussed  at  length  by  me  in  a  paper  already  published.^"  I  will 
here  recapitulate  the  results  of  that  analysis,  referring  for  de- 
tails to  the  original  paper.  Taking  the  two  conditions,  ordi- 
nary blast  and  dried  blast,  as  described  by  Mr.  Gay  ley,  the 
temperature  before  the  tuyeres  is  calculated  as  1,861°  C. 
with  ordinary  blast  and  1,965°  C.  with  the  dried  blast,  a  dif- 
ference of  104°  C.  or  187°  F.,  which  difference  results  in  an 
increased  smelting-power  and  reducing-power  in  the  region  of 
the  tuyeres.  The  absence  of  the  moisture  produces  the  higher 
temperature,  there  being  available  for  smelting-down  purposes 
11,287  calories  more,  an  amount  equal  to  23.4  per  cent,  of  all 
the  heat  needed  to  smelt-down  the  pig-iron  and  slag.  This  extra 
heat,  available  just  where  it  is  most  needed,  while  representing 
only  3  per  cent,  of  the  total  energy  of  the  coke  put  into  the  fur- 
nace, yet  represents  23.4  per  cent,  of  the  energy  of  the  coke 
which  is  generated  and  available  for  smelting-down  purposes  in 
the  region  of  the  tuyeres,  for  the  simple  reason  that  only  from 
20  to  30  per  cent,  of  the  power  of  the  fuel  is,  in  any  case, 
available  for  smelting-down  in  the  tuyere-region. 

Another  way  of  looking  at  the  matter  and  arriving  at  a  simi- 
lar conclusion,  is  to  itemize  the  saving  obtained  by  using  dried 
blast.  The  saving  of  fuel  per  100  of  pig-iron  produced  amounted 
to: 

"  Trans.,  xxxvi.,  745-765  (1906J. 

VOL.  XXXVII. — 15 
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Per  Cent. 


On  decomposition  of  moisture  of  heat. 

On  heat  in  waste  gases,    . 

On  lessened  radiation, 

On  better  combustion  of  carbon  to  C0._>, 

On  smaller  iieat  in  slag,   . 

On  less  heat  in  blast, 


2.95 
5.25 
3.70 
6.90 
0.10 
0.40 


19.30 

This  tabulation  tells  us  just  how  and  where  the  dry-blast  ef- 
fects its  economies.  The  direct  saving,  b}^  removing  moisture, 
is  relatively  small,  but  this  heat  is  saved  at  such  a  vital  spot  in 
the  furnace,  that  the  remaining  15  to  20  per  cent,  of  economy 
follows  as  a  necessary  consequence.  The  amount  of  carbon 
burnt  at  the  tuyeres,  per  ton  of  iron  produced,  being  reduced 
by  the  higher  temperature  available,  the  amount  of  gases  pass- 
ing upwards  per  ton  of  charge  is  relatively  decreased  ;  there- 
fore, their  temperature  on  escaping  is  lower,  and  this  lower 
temperature  accounts  for  a  saving  of  heat  to  the  furnace 
amounting  to  5.25  per  cent,  of  the  fuel  ordinarily  used.  The 
smaller  amount  of  carbon  monoxide  produced  at  the  tuyeres  per 
ton  of  iron  reduced,  produces  better  combustion  above  to  COg 
gas;  for,  since  the  ore  has  only  a  certain  amount  of  oxygen  to 
give  up  per  ton  of  iron  reduced,  this  oxygen  will  consume  CO 
to  COj,  and  the  proportion  of  CO,,  to  CO  escaping  must  be 
larger,  the  smaller  the  amount  of  CO  which  there  is  in  the  fur- 
nace. This  fact  gives  us  the  greatest  single  item  of  econoni}^ : 
6.9  per  cent,  of  saving  in  fuel  being  represented  by  the  larger 
proportion  of  CO.^  to  CO  in  the  gases,  because  of  the  smaller 
amount  of  CO  generated  at  the  tuyeres.  Radiation  from  a  fur- 
nace is  practically  so  much  per  day,  and  if  we  increase  the  out- 
put, the  radiation  per  unit  of  product  is  decreased.  This  de- 
creased radiation  amounts  to  a  relative  saving  of  3.71  per  cent, 
of  fuel. 

Taking  it  all  in  all,  therefore,  we  do  not  need  to  say  that  in- 
creased regularity  explains  the  gains  made  by  Mr.  Gayley. 
The  true  answer  is  deeper  seated :  the  dried  blast  produces 
regularity  of  the  uniformly  favorable  type,  as  distinguished  from 
an  unfavorable  uniformity.  The  reason  why  dried  blast  is  more 
favorable  than  moist  blast  resides  primarily  in  the  fact  of  the 
higher  temperature  produced  at  the  tuyeres.  This  smelts  down 
iron  and  slag  more  quickly  (increased  rate  of  running)  and  more 
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economical] J  per  unit  of  iron  and  slag  produced.  This  economy 
of  carbon  burnt  at  the  tuyeres  causes  a  better  combustion  or 
utilization  of  CO  above  the  tuyeres,  decreases  the  tempera- 
ture of  the  issuing  gases,  and  relatively  decreases  radiation- 
losses.  These  uniformly  favorable  conditions  give  an  advantage 
over  uniformly  unfavorable  conditions,  and  practically  an  equal 
advantage  over  irregular  conditions  varying  from  favorable  to 
unfavorable,  under  which  the  manager  must  run,  allowing  all 
the  margin  necessary  to  meet  the  most  unfavorable  condition 
should  it  suddenly  occur. 

Frank  Firmstone,  Easton,  Pa. : — It  seems  very  clear  that 
most  of  the  fuel  saved  by  drying  the  air  is  due  to  indirect 
advantages,  and  Prof.  Richards's  heat-balance  shows  very  sat- 
isfactorily the  several  heads  under  which  this  economy  is  dis- 
tributed and  the  value* under  each.  I  think  furnace-managers 
will  generally  admit  that,  of  several  furnaces  not  differing  very 
greatly  in  size  and  shape  and  using  identical  materials,  the  one 
which  works  with  the  greatest  regularity  almost  always  (always 
in  my  own  experience)  will  show  the  lowest  fuel-consumption. 
This  follows  chiefly  from  the  fact  that  it  is  safe  to  burden  such 
a  furnace  more  heavily  than  can  be  done  with  one  less  reliable, 
a  fact  to  which  Mr.  Gayley  has  himself  referred. 

It  must  be  a  great  satisfaction  to  Mr.  Gayley  that  his  clear 
understanding  of  the  probable  gain,  over  and  above  the  direct 
calculable  gain  from  decreasing  the  water  entering  the  furnace, 
has  caused  him  to  persevere  to  the  attainment  of  such  impor- 
tant results. 

A  word  of  caution  may  not  be  amiss  in  this  connection,  I 
believe  it  to  be  a  fact  that  furnace^  which  tend  to  work  regu- 
larly because  of  favorable  conditions  as  to  materials,  shape  or 
size,  etc.,  show  far  less  deviation  from  the  normal,  when  sub- 
jected to  a  disturbing  cause  of  given  magnitude,  than  do  those 
less  favorably  situated  in  these  respects.  I  could  cite  fairly 
conclusive  examples  from  my  own  observations.  I  have  no 
personal  experience  with  the  materials  now  used  in  the  Pitts- 
burg district,  but  from  conversations  with  blast-furnace  man- 
agers from  there,  and  from  recent  remarks  in  trade  and  techni- 
cal journals.  I  think  that  furnaces  which  use  them  do  not  work 
with  all  the  regularity  desirable.     If  that  be  so,  and  admitting 
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what  is  said  above  as  to  the  greater  effect  of  disturbino-  influ- 
ences under  such  circumstances,  it  may  easily  happen  that  ma- 
terially less  advantage  will  follow  the  application  of  dried  air 
to  furnaces  more  fortunately  situated  in  these  respects  than 
those  around  Pittsburg. 

It  is  worth  noting  that  although  according  to  Prof.  Richards' 
heat-balance,  the  dry-air  furnace  receives  1,535  less  calories 
from  the  hot-blast  than  does  the  moist-blast,  a  decidedly  larger 
proportion  of  the  total  heat  comes  from  this  source  than  in 
the  moist-air  furnace  (10.26  per  cent,  in  the  moist  air,  11.21  in 
the  dry  air).  This  is  of  the  greater  importance,  because  heat 
in  the  blast  corresponds  to  carbon  in  the  coke  burned  to  CO,, 
and  not,  as  does  the  heat  produced  in  the  furnace  itself,  in 
large  part  to  CO. 

We  are  apt,  perhaps,  to  draw  too  positive  conclusions  from 
the  apparent  accuracy  of  the  heat-balance,  which  after  all  is 
only  a  necessary  consequence  of  the  accepted  doctrine  of  the 
conservation  of  energy.  I^ot  to  speak  of  the  present  case,  in 
which  that  portion  of  the  gain  arrived  at  indirectly  greatly  ex- 
ceeds the  part  which  could  be  pretty  accurately  calculated  in  ad- 
vance, there  have  been  plenty  of  instances  in  which  a  lucky 
change  in  methods  of  filling  or  more  careful  preparation  of 
materials  has  resulted  in  gains  almost  comparable  to  those  ac- 
complished by  Mr.  Gayley,  although  what  was  actually  done 
furnished,  a  -priori,  no  grounds  whatever  to  expect  any  change 
in  the  heat-balance. 

E.  W.  Raymond,  :N'ew  York,  :N'.  Y.  : — At  the  New  York 
meeting  of  the  Iron  and  Steel  Institute,"  I  emphasized  the 
uniformity  of  furnace-work  secured  by  Mr.  Gayley's  invention 
as  the  chief  element  of  its  technical  and  commercial  value ;  and 
I  have  seen  no  reason  since  that  time  to  change  this  opinion. 

Mr.  Meissner  has  shown  that  the  greater  liability  to  wasteful 
irregularities  involved  in  the  use  of  a  variable  natural-air  blast 
requires,  as  a  necessary  (yet  still  incomplete)  safeguard,  an  ex- 
cess of  fuel,  constituting,  as  it  were,  a  reserve  of  heat  for  emer- 
gencies. This  suggests  a  partial  analogy,  drawn  from  another 
branch  of  engineering,  namely,  the  so-called  "  factor  of  safety," 

^'  October,  1904  ;  see  Journal  of  the  Iron  and  Steel  Institute,  Ixvi.,  No.  2,  p.  301 
(1904),  and  Trans.,  xxxv.,  1023  (1905). 
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employed  in  all  constructions,  by  which  the  theoretically  suffi- 
cient dimensions  of  a  given  piece  of  material  are  multiplied,  in 
order  to  provide  for  unexpected  strains  or  undetected  weak- 
ness. In  the  building  of  the  first  Brooklyn  Bridge,  the  factor 
of  safety  for  the  wdres  of  the  suspended  cables  was  reduced 
considerably  below  the  traditional  figure,  for  the  simple  reason 
that  the  wire  for  those  cables  had  been  so  carefully  manufac- 
tured and  so  thoroughly  tested,  piece  by  piece,  as  to  remove 
the  danger  of  unsuspected  weakness,  and  measurably  to  insure 
the  behavior  of  the  material  in  practice,  according  to  the  for- 
mulas of  tensile  strength  and  elasticity  assumed  for  it.  By 
such  a  legitimate  reduction  of  the  factor  of  safety,  much  money 
was  saved  in  construction. 

The  extra  coke,  charged  in  a  blast-furnace  as  a  "  factor  of 
safety,''  is  not,  I  confess,  a  perfectly  parallel  case.  For  the 
extra  material  put  into  wires  or  beams  to  provide  for  human 
oversight  or  exceptional  emergency,  simply  stays  there,  drawing 
interest  on  its  cost ;  whereas  the  extra  fuel  in  a  blast-furnace  is 
burned,  anyhoAv,  whether  it  be  needed  or  not.  If  it  be  not 
needed  to  meet  sudden  heat-requirements,  its  combustion  must 
produce  further  irregularities  in  zones  of  reduction  and  fusion, 
grade  of  product,  etc.,  or  an  increased  proportion  of  CO  and 
an  increased  temperature  in  the  tunnel-head  gases.  This  raises 
another  question,  into  which  I  do  not  propose,  at  this  time,  to 
enter.  We  all  remember  that  the  illustrious  Sir  Lowthian  Bell, 
whose  memorable  investigation  and  discussion  of  the  blast-fur- 
nace process  will  be  forever  a  classic  authority,  practically 
reached  the  conclusion  (destructive  at  that  time  to  many  aca- 
demic theories)  that  the  blast-furnace  process  for  the  production 
of  pig-iron  was  so  admirably  fitted  for  its  purpose  as  to  furnish, 
for  a  given  ratio  of  CO  to  CO,  in  the  escaping  gas,  the  best  in- 
ternal smelting-results,  together  with  sufficient  and  suitable 
fuel  for  heating  the  blast  and  raising  steam  in  the  boilers. 
Such  a  conclusion  can  never  be  final.  The  value  of  furnace- 
gases  for  use  outside  of  the  furnace  itself  (whether  in  making 
steam,  in  heating  blast,  or  even — as  Westman  proposed — in 
calcining  ore)  has  steadily  declined  in  the  opinion  of  iron-mas- 
ters with  the  enormous  increase  in  the  product  of  each  mod- 
ern blast-furnace  itself.  In  comparison  with  the  quantity  and 
quality  of  that  product,  they  care  much  less  now  than  formerly 
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whether  outside  heat-requirements  are  supphed  from  the  fur- 
nace-gases or  not.  There  are  many  ways  of  getting  heat  for 
boilers,  stoves  and  kibis,  from  fuel  generally  cheaper  than  that 
which  is  charged  into  the  blast-furnace.  And  if  any  improve- 
ment in  the  smelting-process  proper  should,  by  reducing  the 
amount  of  superfluous  fuel  used  as  a  "  factor  of  safetj^"  require 
additional  heat  for  outside  purposes,  we  could  easily  help  our- 
selves. Moreover,  such  an  excess  of  fuel  carried  within  the 
furnace  is  likely  to  do  least  good  outside,  just  when  it  is  most 
needed. 

The  immense  practical  importance  of  eliminating  irregulari- 
ties from  metallurgical  operations  is  illustrated  in  many  other 
departments,  besides  those  of  iron  and  steel.  To  name  only 
one  example,  the  chief  advantage  of  the  modern  reverberatory 
furnaces  for  the  matte-smelting  of  copper-ores,  the  dimensions 
of  which  have  paral^-zed  with  astonishment  those  of  us  who 
painfully  mastered  the  principles  of  copper-smelting  a  genera- 
tion ago,  seems  to  be  the  removal  (through  the  presence  of  a 
vast  reservoir  of  heat  in  the  molten  charge)  of  those  frequent 
changes  of  heat-conditions,  through  charging  and  discharging, 
which  were  inevitable  in  operations  on  a  smaller  scale. 

In  the  manufacture  of  pig-iron,  the  increased  capacity  of  the 
blast-furnace  has  illustrated  the  same  principle.  A  hundred 
little  problems  of  the  practice  of  the  last  generation  have  been, 
not  solved,  but  actually  drowned  out  of  sight,  by  the  high 
blast-temperature,  rapid  running,  and  great  mass  of  stock  in 
all  stages  of  reduction,  presented  by  our  great  modern  furnaces. 
On  the  other  hand,  any  irregularity  of  furnace-work  means  at 
least  ten  times  as  much  loss  of  money  as  formerly.  No  matter 
how  effective  the  scientific  remedy  may  be,  the  manager  of 
to-day  cannot  aflbrd  the  cost  of  the  temporary  furnace-disease. 
His  one  prayer  is,  that  he  may  know  what  he  has  to  do,  and 
what  he  is  doing,  and  that  he  may  not  be  overtaken  by  sur- 
prises— any  one  of  which  might  cost  him  more  than  many 
theoretical  improvements  could  recover  for  him. 

Such  calculations  as  Prof.  Howe  and  Prof.  Richards  have  given 
us  are  unquestionably  of  the  highest  value.  But  I  do  not  think 
they  discredit  the  importance  of  the  principle  of  regularity  as  a 
source  of  economy.  To  use  Prof.  Howe's  expression,  they  simply 
explain  how  and  why  regularity  produces  the  results  observed. 
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The  argument  of  Prof.  Richards  suggests  another  analogy 
with  constructive  engineering,  namely,  that  of  the  placing  of 
material  just  where  it  is  needed,  instead  of  wasting  it  else- 
where— as  illustrated  by  the  old-fashioned  wooden  bridges 
built  by  rural  carpenters,  all  parts  of  which  were  of  the  same 
size,  or  even  by  the  famous  Brooklyn  Bridge  itself,  the  four 
cables  of  which  have  the  same  diameter,  though  two  of  them 
carry  more  than  twice  as  great  a  load  as  the  other  two.  Such 
an  economical  distribution  of  material  in  a  structure  is  practi- 
cable in  proportion  as  the  strength  of  each  part,  and  the  uni- 
form amount  or  limits  of  variation  of  the  strain  upon  it,  are 
known.  The  necessity  of  a  vaguely  determined  "  factor  of 
safety  "  is  a  hindrance.  In  a  similar  way,  it  seems  to  me  that 
the  measurable  elimination  of  such  a  factor  in  the  heat-supply 
of  the  blast-furnace  permits  the  heat  to  be  supplied  at  the  point 
where  it  will  be  theoretically  most  eftective,  instead  of  at  points 
where  it  may  be  accidentally  needed,  but  is  normally  less  use" 
ful,  and  sometimes,  in  certain  respects,  harmful. 

But  this  is  not  all.  Within  certain  limits,  uniform  conditions 
are,  per  se,  more  economical  in  practice  than  fluctuating  condi- 
tions. The  latter  prevent  a  furnace  from  working  up  to  any 
formula  of  efficiency  that  may  be  framed  for  it,  no  matter  with 
what  liberal  allowances  for  contingencies,  l^obody  can  tell 
what  may  be  the  loss  of  time,  labor,  material,  quantity  or 
quality  of  product,  caused  by  a  single  episode  of  irregularity 
in  working.  Regularity  does  more  than  secure  a  regular  in- 
come. It  protects  the  furnace  against  sudden,  premature  death. 
Since  the  cost  of  re-lining,  etc.,  for  a  new  campaign  must  be 
repaid  with  interest  by  the  product  of  that  campaign,  the  length 
of  the  campaign  is  an  important  element  of  economy. 

In  short,  I  do  not  see  that  there  is  any  essential  difterence 
between  Prof.  Howe  and  Prof.  Richards,  on  the  one  hand,  and 
those  who  have  emphasized  uniformity  as  the  fundamental  ad- 
vantage of  Mr.  Gayley's  invention,  on  the  other.  They  ana- 
lyze the  advantages  derived  from  a  uniform  dry-blast,  and  due 
to  its  dryness  {i.e.,  to  the  smaller  amount  of  moisture,  the  larger 
proportion  of  oxygen,  etc.) ;  while  we  think  there  is  a  control- 
ling practical  advantage  in  its  uniformity — a  condition  which 
their  calculations  necessarily  assume.  In  other  words,  if  we 
imagine  a  blast-furnace  situated  in  a  climate  which  furnished 
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a  natural  blast  even  lower,  on  the  average,  in  moisture  than 
Mr.  Gayley's  clry-blast,  but  varying,  between  day  and  night, 
from  far  below  to  far  above  that  limit,  we  think  the  variations 
would  more  than  counterbalance  the  practical  economy  of  the 
more  favorable  average  conditions. 

At  all  events,  I  am  warranted  by  this  discussion,  and  by  pre- 
vious discussions  in  this  country  and  abroad,  in  expressing  the 
pleasure  which,  I  do  not  doubt,  is  shared  by  all  my  American 
colleagues  in  the  fact  that  the  consideration  of  this  new  advance 
in  metallurgical  practice  has  already  passed  beyond  the  stage 
of  skepticism  as  to  its  practical  results,  into  the  stage  of  serious, 
scientific  inquiry  concerning  their  explanation.  This  is  the 
normal  and  proper  course  for  such  testing  of  new  technical 
propositions.  The  exceptional  feature  in  the  present  instance 
is  the  brevity  of  the  initial  period  of  incredulity,  which  I  re- 
gard as  a  generous,  and,  at  the  same  time,  a  just  recognition 
of  American  representatives  of  both  the  science  and  the  prac- 
tice of  metallurgy. 

James  Gayley,  New  York,  X.  Y. : — Whether  or  not  the  in- 
creased uniformity  obtained  by  the  use  of  dry  air  explains  the 
economies  thereby  efl:ected,  it  makes  possible,  nevertheless,  the 
various  theories  brought  forward  to  account  for  those  economies. 
It  is  a  fact  well  known  to  all  furnace-managers,  that,  owing  to 
atmospheric  conditions,  there  are  a  great  many  days  and  periods 
when  the  furnace  could  be  operated  much  more  economically 
than  it  is,  the  conditions  being  such  as  to  permit  of  a  material 
increase  in  burden;  but  instead  of  meeting  these  conditions, 
the  blast-temperature  is  reduced,  and  often  the  volume  of  blast 
is  increased,  in  order  to  gain  a  temporary  advantage  through 
increased  output.  A  change  in  burden  is  not  practicable,  be- 
cause, too  frequently,  before  the  larger  burden  could  reach  the 
tuyeres,  a  change  in  atmospheric  conditions  might  occur  and 
the  fuel-consumption  would  be  increased  above  the  normal 
amount  by  reason  of  a  derangement  of  the  furnace.  Thus,  by 
reason  of  the  lack  of  uniformity  due  to  the  ever-changing  hu- 
midity of  the  atmosphere,  advantageous  conditions  cannot  be 
utilized,  because  they  are  temporary. 

The  drying  of  the  air  not  only  removes  an  unfavorable  and 
varying  element  from  the  blast,  but  by  keeping  the  content  of 
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moisture  in  the  dry  air  practically  uniform,  through  refrigera- 
tion to  a  uniform  temperature,  it  permits  the  delivery  into  the 
furnace  of  a  practically  constant  weight  of  air,  and  therefore 
of  oxygen — a  result  which  cannot  be  obtained  through  an  in- 
crease in  blast-temperature.  The  elimination  of  the  moisture 
removes  a  heat-extracting  element  at  the  tuyeres — a  critical 
point  in  the  furnace-operations — and  this,  together  with  the 
uniform  weight  of  oxygen  constantly  supplied,  intensifies  the 
combustion,  and  localizes  and  lowers  the  fusion-zone.  With 
natural  air  the  fusion-zone  is  constantly  fluctuating;  when  the 
zone  is  lowered,  incipient  scaffolds  form  on  the  area  through 
which  it  is  lowered;  and  when  the  zone  is  again  raised,  these 
scatiblds  are  melted  loose,  and,  descending  into  the  hearth,  ab- 
sorb heat.  For  this  purpose  alone,  a  margin  of  safety  in  fuel 
must  be  carried  in  the  burden. 

Before  this  process  was  applied  practically, many  calculations, 
made  to  determine  the  economic  value  of  a  removal  of  the 
moisture,  indicated  that,  during  the  spring  and  autumn  periods, 
a  saving  of  from  3  to  3.5  per  cent,  in  fuel  could  be  obtained; 
while  during  midsummer  a  saving  of  7  per  cent,  was  possible. 
Yet  the  saving  actually  realized  has  been  from  15  to  20  per 
cent.,  according  to  conditions.  That  uniformity,  in  the  weight 
of  air  delivered  to  the  furnace,  is  the  greatest  factor  making 
for  economy,  is  shown  by  the  fact  that  quite  as  great  a  saving- 
has  been  effected  in  the  dry  est  months  of  winter  as  in  the  more 
humid  months  of  summer. 

Prof.  Richards  observes  that  the  removal  of  moisture  prima- 
rily produces  a  higher  temperature  at  the  tuyeres  and  thereby 
efi:ects  various  economies.  When  Mr.  Windsor  Richards,  an 
acute  observer  of  metallurgical  processes,  visited  the  Isabella 
furnace,  he  immediately  noticed  and  called  attention  to  the 
intense  brightness  of  the  tuyeres.  Prof.  Richards  hits  the  nail 
squarely  on  the  head  when  he  says  that  dry-blast  "  produces 
regularity  of  the  uniformly  favorable  type." 

Mr.  Firmstone  says  there  are  many  instances  in  which  "  a 
lucky  change  in  methods  of  filling  or  more  careful  preparation 
of  materials  "  has  produced  great  and  valuable  gains  in  blast- 
furnace practice.  I  believe  this  to  be  true  in  his  experience, 
which  is  to-day  still  greatly  valued  by  all  blast-furnace  man- 
agers, and  I  know  it  to  be  true  in  my  earlier  experience ;  but  I 
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do  not  think  it  is  true  of  the  practice  of  the  past  ten  years. 
Mr.  Firmstone  remarks  that,  from  conversation  with  blast-fur- 
nace managers  in  Pittsburg,  with  reference  to  materials  there 
used,  he  thinks  "  that  furnaces  which  use  them  do  not  work 
with  all  the  regularity  desirable."  I  think  Mr.  Firmstone  has 
reference  to  the  early  use  of  Mesabi  ores,  with  regrard  to  which 
the  statement  is  true.  In  a  given  unit  of  time,  Mesabi  ores 
Avill  part  with  from  25  to  28  per  cent,  while  the  Old  Range 
Lake  Superior  hematites  will  only  part  with  15  to  22  per  cent, 
of  their  oxj'gen  to  form  carbonic  oxide  gas ;  and  this  difference 
in  reducibility  has  caused  considerable  irregularity  in  furnace- 
operations.  (I  question  if  anyone  has  so  thoroughly  investi- 
gated reducibility  of  American  iron-ores  on  a  practical  scale  as 
Mr.  F.  E.  Bachman,  of  Port  Henry,  N.  Y.,  from  whom  I  have 
obtained  m}'  data.)  But  we  have  learned  much  in  a  few  years; 
and  under  the  practice  of  charging  a  furnace  with  ores  of  nearly 
uniform  reducibility  this  trouble  has  disappeared.  Moreover, 
it  should  not  be  overlooked  that  the  economies  effected  by  dry- 
blast,  as  reported  in  my  previous  papers,  were  realized  with 
furnaces  which  had  been  using  50  per  cent,  of  Mesabi  ore  for 
several  years  and  working  with  as  much  regularity  as  I  have 
found  anywhere  in  my  experience.  The  comparisons  made  by 
me  were  therefore  fair  in  this  respect,  being  based  upon  iden- 
tical conditions — aside  from  the  nature  of  the  blast — in  the  rec- 
ords compared. 

Let  me  suggest  now  certain  economies,  both  practical  and 
theoretical,  in  the  application  of  dry-air  blast.  The  plant  at 
Isabella  was  designed  solely  to  determine  the  value  of  dry-air 
blast,  with  a  minimum  of  expenditure.  Only  one  refrigerat- 
ing-chamber  was  provided.  It  would  have  been  better  to  divide 
this  chamber  by  partitions,  with  an  outlet  from  each  division 
to  the  blast-main,  that  could  be  closed  during  the  thawing-off 
period.  Every  day,  one-third  of  the  coils  are  thawed  off;  and, 
with  the  present  construction,  the  quantity  of  moisture  in  the 
air  supplied  to  the  blowing-engines  during  this  process  is  in- 
creased 50  per  cent.,  as  is  shown  in  Fig.  1. 

Let  A  to  D  represent  24  hr.  We  begin  at  B  to  thaw  the 
coils  and  are  running  at  1  grain  of  moisture  per  cu.  ft.  of  air; 
at  B  it  increases  to  1.50  grains.  The  thawing  is  completed  at  C, 
but  the  chilling-effects  of  that  0.5  grain  of  water  (which  repre- 
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sents  the  delivery  into  the  furnace  of  18  gal.  of  water  per  hr.) 
is  not  ended  at  C,  but  continues  to  a  point  represented  by  E  ov 
E' .  We  have  therefore  practically,  under  present  conditions, 
out  of  the  24  hr.  only  16  hr.  of  normal  conditions  as  to  moisture. 
By  means  of  sub-chambers,  we  shall  be  able  to  run  on  a  regu- 
lar content  of  moisture,  and  I  contend  that  the  best  work  ob- 
tained at  the  Isabella  plant,  will,  through  the  future  employ- 
ment of  sub-chambers  in  construction,  eventually  prove  to  be 
the  normal  condition  of  work. 

From  theoretical  calculations,  it  appeared  that  an  economy 
in  construction  could  be  eifected  by  conducting  the  operation 
in  two  stages;  that  is,  by  passing  the  air  first  over  coils  cooled 
to  30°  F.,  and  condensing  a  considerable  portion  of  the  mois- 
ture as  water,  after  which,  by  passing  it  over  a  series  of  coils 
at  a  much  lower  temperature,  it  could  be  reduced  to  the  desired 
temperature,  while  the  moisture  would  be  deposited  as  frost. 
Since  the  water  from  the  first  cooling  would  flow  away,  thus 
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Fig.  1. — Moisture  in  Dried  Air,  Using  One  Refrigerating-Chamber. 

leaving  a  smaller  amount  of  frost  to  be  removed  by  thawing, 
this  arrangement  seemed  advantageous.  But  when  the  data 
were  supplied  to  manufacturers  of  refrigerating  machinery,  the 
estimates  they  furnished  showed  that  there  would  be  actually 
no  economy  in  construction,  and  the  saving  in  operation  was 
indicated  to  be  very  small.  The  two-stage  system  appears  to 
be  more  difiicult  of  adjustment  to  varying  conditions,  and  to 
involve  more  complications  in  operation — which  are  not  desir- 
able, since  economy  of  power  would  depend  on  the  proper 
adjustment  of  the  two  stages. 

The  use  of  ammonia  by  direct  expansion  in  the  refrigerating- 
chamber  requires,  in  comparison  with  brine,  more  expensive 
pipes  and  fittings  in  construction,  and  more  careful  oversight 
in  adjusting  the  valves  to  secure  a  uniform  refrigeration.  Ac- 
cording to  theoretical  calculation,  the  direct  expansion  shows 
an  econom}^  over  the  brine  system  ;  but  I  doubt  whether  this 
would  prove  true  in  practice.  Our  first  installation  with  di- 
rect expansion  at  the  Isabella  furnace  showed  that  additional 
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labor  would  be  required.  We  are  now  using,  with  the  brine- 
system,  two  men  on  dav-turn  and  one  man  at  night,  while  with 
direct  expansion  four  men  would  be  required  for  the  two  turns. 
Direct  expansion  presents,  moreover,  additional  opportunity  for 
increased  leakage  of  ammonia. 

My  first  experiment  was  conducted  on  the  two-stage  system. 
The  air  was  taken  in  a  heated  engine-room  in  winter,  and  cold 
river-water  was  passed  through  one  chamber  and  ammonia 
directly  expanded  through  another ;  and  (in  the  last  experi- 
ment before  the  installation  at  the  Isabella  furnace)  two  large 
chambers  were  used,  in  one  of  which  brine  was  circulated, 
while  in  the  other  ammonia  was  directly  expanded. 

It  has  been  suggested  that  the  cold  air  passing  from  the  re- 
frigerating-chamber  could  be  conducted  to  a  regenerator,  to 
cool  the  incoming  air.  This  would  increase  the  cost  of  con- 
struction, and  does  not  hold  out  much  promise  of  economy  in 
the  refrigerating  operation.  The  dry  air,  being  heated  by  this 
operation,  would  require  more  revolutions  of  the  blowing-en- 
gines to  deliver  the  required  weight  of  air  to  the  furnace  ;  and 
this  would  consume  more  power.  But  the  chief  objection  is, 
that  the  dry  air,  absorbing  heat  from  the  incoming  air,  would 
vary  in  subsequent  temperature  nearly  as  much  as  the  natural 
air,  and  the  process  would  thus,  to  a  considerable  extent,  re- 
vert to  natural-air  conditions.  Any  process  for  extracting 
moisture  that  does  not  also  provide  for  the  delivery  of  a  prac- 
tically constant  weight  of  air  to  the  furnace,  will  not  yield  the 
economy  that  is  now  obtained  at  the  Isabella  furnace. 

Our  experience  with  the  use  of  dry  air  shows  that,  even 
under  adverse  conditions,  great  economies  are  possible.  Fur- 
nace 1^0.  1  at  the  Isabella  plant  ^jias  made  a  large  output,  and 
has  been  banked  three  times — a  process  which  is  always  detri- 
mental to  economy.  At  the  present  time,  a  large  part  of  the 
lining  has  given  way  at  about  the  middle  of  the  stack  for  a 
space  20  ft.  high  and  reaching  half  way  around  the  jacket.  A 
constant  stream  of  water  is  required  to  play  on  this  portion  of 
the  jacket,  in  order  to  keep  the  furnace  in  operation.  Yet,  hav- 
ing all  this  to  contend  with,  Xo.  1  is  producing  iron  under  dry- 
blast  with  a  coke-consumption  340  lb.  smaller  per  ton  of  pig 
than  its  companion-furnace,  of  the  same  size  and  supplied  with 
the  same  ores  and  fuel,  under  natural-air  blast. 
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The  experience  of  18  months  with  dry-air  blast  has  demon- 
strated several  things : 

1.  The  charges  settle  more  quickly  and  uniformly  after  cast- 
ing than  in  a  furnace  blown  with  natural  air. 

2.  The  loss  in  flue-dust  is  about  2  per  cent.  less. 

3.  The  furnace  works  with  greater  regularity,  and  oft-grades 
of  iron,  which  are  usually  sold  at  a  considerable  reduction  in 
price,  are  seldom  made  ;  for  dry-air  blast  maintains  the  regu- 
larity of  the  grade  of  output,  which,  in  a  merchant-furnace,  is  a 
considerable  advantage.  In  the  product  of  a  furnace  blown 
with  natural  air,  when  the  silicon  is  lowered,  the  sulphur  often 
is  increased  to  such  an  extent  that  the  pig  must  either  be  re- 
melted,  or  sold  at  a  material  reduction  in  price.  With  dry- 
air  blast,  we  have  found  that  there  is  rarely  an  appreciable  in- 
crease in  sulphur  corresponding  to  a  material  reduction  in 
silicon. 

The  ability  to  produce  pig-iron  according  to  standard  speci- 
fications, with  increased  uniformity  of  grade  and  composition, 
makes  this  process  specially  valuable  to  merchant-furnaces,  in 
the  operations  of  which  a  considerable  profit  is  habitually  sac- 
rificed in  the  marketing  of  "  ofi'"  grades  of  pig-iron. 

From  the  standpoint  of  a  practical  blast-furnace  manager, 
retaining  a  vivid  recollection  of  the  daily  whims  of  that  crude 
yet  delicate  apparatus,  the  blast-furnace,  I  can  heartily  indorse 
the  views  expressed  by  Dr.  Raymond,  while  accepting  with 
respect  and  gratitude  the  theoretical  explanations  advanced  by 
Prof.  Howe,  Prof.  Richards,  and  other  eminent  authorities  at 
home  and  abroad. 
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Piping  in  Steel  Ingots. 

BY   N.    LILIENBERG,    PHILADELPHIA,    PA. 
(Betblehem  Meeting,  February,  1906.) 

During  the  past  few  years,  the  requirements  for  steel  have 
been  raised  so  high  that  soundness  is  more  important  than  ever 
before.  The  old  practice  was  to  make  steel  ingots  of  suffi- 
ciently large  sections  to  permit  a  considerable  reduction  of  area 
in  rolling  and  hammering  to  a  given  size,  relying  on  the  fact 
that  by  such  rolling  and  hammering  all  cavities  will  be  squeezed 
together  and  practically  eliminated.  The  finished  sizes,  if  found 
by  inspection  of  the  surface  to  be  faultless,  were  therefore  pro- 
nounced to  be  sound.  But  when  such  steel  is  "  worked  up," 
the  manufacturer  is  surprised  and  disappointed  to  find  that  it 
splits,  or  that  streaks  and  seams  make  the  product  unmarket- 
able. Large  sections,  such  as  rails,  beams  or  heavy  forgings, 
may,  within  certain  limits,  be  sufficiently  strong,  even  if  the 
sides  of  the  cavities  are  only  squeezed,  and  not  welded,  together. 
But  it  is  well  known  that,  in  the  interior  of  heavy  articles,  under 
certain  conditions,  forging  may  develop  small  streaks  into  large 
cavities.  Small  sections,  steel  for  ordnance  and  tubes,  and  num- 
berless articles  in  the  tool-trade,  always  show  up  the  defects. 
It  may  be  doubted  whether  cavities  in  steel  ingots  can  ever  be 
completely  welded.  The  old  theory  is,  that  the  silver-clear 
blow-holes,  without  the  blue  oxide,  can  be  welded  by  sufficient 
working.  They  are,  however,  not  empty,  but  are  filled  with 
carbonic  oxide.  It  is  admitted  that  the  "  blue  "  cavities,  re- 
sulting from  air  mechanically  drawn  down  into  the  mold  during 
the  casting,  can  never  be  welded,  because  the  oxide  does  not 
melt,  and  there  would  be  no  escape  for  it  if  it  did.  The  only 
way  in  which  steel  can  be  made  satisfactory  for  the  above-named 
particular  purposes  is  by  having  it  "  dead  molten."  But  then 
the  trouble  of  piping  is  encountered. 

As  is  well  known,  a  pipe  is  the  result  of  the  contraction  of 
the  liquid  interior  after  the  surface  of  the  ingot  has  become 
solid  by  contact  with  the  mold.    When  this  contraction  is  partly 
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taken  up  by  blow-holes,  there  is,  of  course,  less  sinking  of  the 
metal  at  the  top.  The  soundest  steel,  therefore,  has  the  worst 
pipe.  Some  manufacturers  having  found  that,  for  certain  pur- 
poses, piping  is  a  worse  evil  than  blow-holes,  are,  therefore, 
purposely  casting  honey-combed  ingots.  Several  manufac- 
turers rely  on  casting  steel  at  such  a  temperature  that  the 
blow-holes  arrange  themselves  in  a  zone  midway  between  the 
center  and  the  surface,  thus  making  the  defects  invisible  after 
rolling  or  hammering.  But,  aside  from  the  impossibility  of 
always  arranging  the  gas-bubbles  in  this  way,  the  defects  will 
afterwards  appear  in  working,  as  above  mentioned.  The  pipe 
is  always  coated  with  blue  oxide  from  contact  with  the  air. 
This  oxide  is  formed  instantaneously ;  and  therefore  the  com- 
mon practice  of  filling  up  the  pipe  with  liquid  steel  during 
casting  and  solidification  only  forms  a  stopper  which  is  not 
welded  to  the  ingot. 

I.  The  Prevention  of  Piping. 

A  great  many  processes  have  been  invented  to  obviate  piping. 
Those  of  importance  may  be  arranged  in  two  classes :  keeping 
the  steel  liquid,  and  compression  of  the  steel. 

1.  Keeping  the  Steel  Liquid  as  Far  Out  Towards  the  Mold  as  Pos- 
sible, in  Order  to  Get  an  Even  Sinking  of  the  Top  Surface. 

All  methods  working  on  this  principle  suffer  from  the  evil 
that,  the  period  for  solidification  being  prolonged,  the  separa- 
tion of  the  impurer,  and  therefore  lighter,  steel  has  more  time 
to  take  place,  and  the  segregation  will  be  more  pronounced. 
Under  this  heading  the  following  methods  may  be  mentioned  : — 

(a)  Addition  of  Aluminum,  either  in  the  ladle  or  in  the  molds. 
The  aluminum  increases  the  heat  by  combining  with  part  of 
the  dissolved  oxygen,  and,  at  the  same  time,  lowers  the  melting- 
point  of  the  steel  (which,  of  course,  works  in  the  same  direc- 
tion). It  is  well  known,  however,  to-day,  that  aluminum  does 
not  realize  the  expectations  formerly  entertained  concerning 
its  use.  It  makes  somewhat  sounder  steel,  but  it  does  not 
prevent  piping;  and  it  has  been  found,  in  many  instances,  to 
have  the  tendency  to  throw  a  bridge  of  solid,  sound  steel  over 
the  top  of  the  ingot,  thus  hiding  a  large  unseen  cavity  in  the 
interior. 
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(6)  Addition  of  Thermite. — This  mixture  of  aluminum  and 
iron  oxide  gives  a  greater  heat  than  aluminum  alone,  on  ac- 
count of  the  extra  supply  of  oxygen  present;  and  its  use  makes 
the  steel  in  the  mold  fairly  sound.  But,  inasmuch  as  the  higher 
temperature  cannot  prevent  the  steel  from  solidifying  first  in 
the  outer  layers,  a  pipe  will  nevertheless  form,  although  it  will 
be  somewhat  smaller. 

(c)  Use  of  CUuj-Lined  Funnels. — These,  placed  on  the  top  of 
the  molds,  shorten  the  pipe,  because  the  steel  does  not  chill  so 
rapidly  against  the  less-conductive  clay  as  against  the  bare  mold. 
The  upper  part  has  then  to  be  carefully  cut  away  so  far  down 
as  to  leave  no  part  of  the  pipe.  The  exact  distance  from  the 
top,  at  which  the  ingot  should  be  cut,  is  somewhat  difficult  to 
determine  in  this  case  as  well  as  in  the  common  practice  of 
cutting-ofl'  the  upper  part  of  the  ingot  and  leaving  only  the 
lower  part  for  use.  In  both  cases  the  production  is  burdened 
by  the  considerable  cost  of  fuel,  labor  and  waste  involved  in  re- 
melting  the  upper  or  "  piped  "  portions  of  the  ingots,  or  of 
selling  these  portions  at  the  scrap  price,  which  is  below  cost. 

(d)  Casting  by  Overflow  from  One  Mold  to  Another. — In  this 
method  the  molds  are  arranged  in  a  row  close  to  one  another; 
and  while  tolerably  sound  ingots  are  obtained,  there  is  the  dis- 
advantage that  much  scrap  is  formed  by  the  steel  running 
through  the  conduits.  It  is  also  obvious  that  the  steel  coming 
to  the  last  mold  is  much  cooler  than  that  in  the  first. 

(e)  Use  of  Electricity. — This  method  has  sometimes  been  used 
to  heat  the  upper  part  of  the  mold,  and  thereby  prevent  the 
chilling  of  the  steel  in  contact  with  the  sides  before  the  center 
gets  solid.  It  is  obvious,  however,  that,  in  order  to  be  efifec- 
tive,  the  heat  would  have  to  be  so  great  that  the  mold  would 
be  destroyed  by  the  steel,  which  would  readily  attack  the  walls. 
Moreover,  the  method  is  considerably  more  costly  than  that  of 
cutting  oft'  the  piped  part. 

2.   Compression  of  the  Steel  in  the  Molds. 

Much  has  been  said  and  written  about  liquid-compressed 
steel,  and  the  general  opinion  seems  to  be  that,  aside  from  the 
obliteration  of  the  pipe,  little  or  nothing  is  gained  by  compres- 
sing liquid  steel,  which  is  absolutely  sound  and  "  dead  "  molten. 
Since  liquids  in  general  are  inelastic,  and  therefore  incompres- 
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sible,  the  possible  degree  of  compression  for  liquid  steel  de- 
pends on  the  included  gases.  If  the  press  is  arranged  so  that 
these  gases,  which  are  elastic,  have  no  avenue  of  escape,  the 
effect  of  the  compression  will  only  be  to  leave  cavities  of 
smaller  size.  I  need  hardly  say  that  the  compression  of  liquid 
steel  in  the  mold  has  quite  a  different  effect  from  that  of  forg- 
ing the  ingot  afterwards.  In  the  latter  case,  the  object  is  to 
change  the  structure  of  the  steel  at  the  same  time  with  its 
shape.  Among  the  numerous  devices  for  compressing  steel  in 
molds  the  following  three  methods  may  be  mentioned. 

(a)  Comjyression  from  the  Top — While  there  is  no  difficulty  in 
this  method,  if  the  whole  charge  goes  into  one  mold,  the  ma- 
chinery will  be  considerably  complicated  if  several  ingots  of 
smaller  sizes  have  to  be  cast.  These  ingots  will  have  to  stand 
on  trucks  and  move  in  procession  under  the  press ;  or  several 
presses  will  have  to  be  arranged,  with  additional  complications 
It  is  almost  impossible  to  time  the  casting  and  the  pressing  in. 
harmony.  If  the  latter  is  done  too  early,  the  cavities  will  con- 
tinue to  form  in  the  interior  of  the  steel.  If  too  late,  the  pipe 
is  already  formed  and  oxidized,  and  therefore  will  only  be 
squeezed  together,  but  not  eliminated.  Any  compression  from 
the  end  of  an  ingot  is  attended  with  the  danger  of  tearing  the 
interior  loose  from  the  surface.  This  process  is  in  use  in  some 
places  in  England  and  Germany. 

(6)  Comj^ressionfrom  the  Bottom. — This  idea  originated  in  prac- 
tice at  St.  Etienne,  France ;  and  the  process  is  in  use  at  several 
French  works.  It  naturally  suffers  from  all  the  disadvantages 
of  the  top-compression,  and,  in  addition,  the  hydraulic  ma- 
chinery is  contained  in  a  deep  pit,  which  makes  it  difficult  to 
be  cared  for,  and  also  exposes  it  to  slag,  dirt,  and  accidental 
spurts  or  leaks  of  liquid  steel.  In  both  cases  the  molds  have  to 
be  made  sufficiently  strong,  and  correspondingl}'  heavier  and 
more  expensive.  It  is,  of  course,  a  special  and  simpler  case 
where  the  whole  charge  is  poured  into  one  mold,  as,  for  in- 
stance, in  making  a  gun  of  large  size. 

(c)  Compressmi  from  the  Sides. — In  this  method  the  top  is  left 
open,  permitting  the  gases  to  escape,  and  the  pressure  is  applied 
directly  in  proportion  to  the  formation  of  the  pipe,  so  as  to  keep 
the  ingot  always  full  to  the  top.  It  is  obvious  that  the  pressure 
can  be  better  timed  in  this  way  than  in  the  preceding  cases. 
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Some  years  ago  an  apparatus  of  this  kind  was  built  in  Pitts- 
burg, having  four  slowly-moving  rollers  in  the  same  plane. 
The  ingot,  with  liquid  interior,  was  taken  from  the  mold  and 
placed  between  the  rollers ;  and  as  it  slowly  moved  downward 
the  compression  kept  the  liquid  steel  toward  the  top,  and  pre- 
vented the  formation  of  a  pipe.  This  is  undoubtedly  the  right 
principle ;  but  it  encounters  the  insurmountable  practical  diffi- 
culty of  transferring  the  semi-liquid  ingots  from  the  mold  to 
the  rollers,  where  they  are  also  liable  to  be  warped  and  twisted. 
Moreover,  if  liquid  steel  be  shaken,  it  is  liable  to  become  honey- 
combed by  the  escapeof  part  of  the  gases  dissolved  in  it. 

Side-compression  in  a  stationar}^  mold,  having  none  of  the 
objections  above  mentioned,  is  now  successfully  carried  out, 
even  with  the  largest-sized  ingots.  This  has  been  mainly  ac- 
complished by  Mr.  John  Illingworth,  who,  for  a  long  period, 
has  devoted  his  large  experience  to  the  practical  solution  of  the 
problem,  and  has  obtained  many  patents  in  this  field. 

Mr.  Illingworth  began  by  casting  a  continuous  ingot  through 
a  prolonged  vertical  mold,  the  lower  half  of  which  was  cooled 
by  circulating  water.  The  ingot  dropped  down  through  the 
bottomless  mold  and  was  broken  ofi:'  by  a  hydraulic  clutch 
while  still  red-hot.  This  method,  which  worked  very  well  for 
small  ingots,  presents  difficulties  for  the  larger  sizes.  The 
second  group  of  Mr.  Illingworth's  inventions  comprises  cast- 
ing-machines, built  on  the  principle  of  hydraulic  rams,  which 
squeeze  the  two  halves  of  the  mold  slowly  together  after  they 
have  been  sufficiently  opened  to  enter  a  plate  between  the  ingot 
and  the  mold.  This  plate,  having  the  section  of  a  segment  of 
a  circle,  displaces  a  corresponding  volume  of  the  semi-liquid 
interior.  The  two  halves  of  the  mold  are  drawn  apart  as  soon 
as  a  thin  skin  is  formed,  holding  the  liquid  steel  during  com- 
pression. The  movement  of  the  molds,  which  are  placed  close 
together,  is  made  by  draw-bars  connected  with  the  head  of  the 
hydraulic  rams.  This  apparatus  has  given  very  satisfactory  re- 
sults for  small  ingots  cast  from  crucibles,  but  it  is  not  well- 
adapted  for  casting  from  a  bottom-tapped  ladle  into  large 
molds.  A  special  apparatus  on  the  same  principle  was  built 
for  this  purpose,  but  the  experiments  were  not  continued  suffi- 
ciently long  to  secure  successful  results. 

The  problem  of  compressing  large-sized  ingots,  cast  from  a 
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ladle,  is,  however,  now  completel}'  solved.     Mr.  Illiugwortli, 
together  with  Mr.  S.  Robinson,  has  built  such  casting-machines 
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Fig.  1.— Illingworth  Casting-Machine  for  Large  Ingots  in  Molds 

ON  Wheels. 

at  the  steel-works  of  Jessop  &  Sons,  Sheffield,  England,  which 
uniformly  turns  out  ingots  of  the  largest  size,  absolutely  solid 
from  top  to  bottom. 
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The  half-tone  photograph  of  split  ingots,  Fig.  4,  showing  one 
with  pipe,  A,  and  another  which  has  been  compressed  solid 
from  end  to  end,  B,  is  both  interesting  and  convincing. 

There  are  two  kinds  of  casting-machines,  one  for  large  and 
the  other  for  small  ingots.  Figs.  1,  2  and  3  illustrate  the  con- 
struction and  w^orking  of  these  machines,  which  are  covered  by 
U.  S.  Patent  No.  810,654,  issued  Jan.  23,  1906.    The  principle  is 
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PLAN. 

Fig.  2. — Illingworth  Casting-Machine  for  Small  Ingots  in  Groups. 

to  cast  the  steel  in  molds  divided  in  halves  and  held  together, 
during  the  casting,  by  hydraulic  pressure.  In  the  planed  side- 
edges  of  the  molds  are  grooves  which  admit  bars  of  a  cross- 
section  shown  at  J.,  Figs.  1  and  2.  After  the  metal  has  been 
poured  into  the  mold,  sufficient  time  is  allowed  for  a  crust  to 
form  while  the  interior  is  still  liquid.  The  bars  are  then  with- 
drawn by  chains,  6^,  suspended  from  an  over-head  hoist,  which 
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leaves  an  empty  space  between  the  two  halves  of  the  mold,  as 
shown  at  B.  Hydraulic  pressure  is  then  applied  from  the  ram, 
i),  and  the  outer  half  of  the  mold  is  moved  forward  slowly, 
so  that  the  liquid  interior  is  always  kept  full  to  the  top  until 
the  mold  is  closed,  as  shown  at  C.  The  volume  of  the  bars 
corresponds  as  near  as  possible  to  the  volume  of  the  cavities 
which  would  otherwise  be  formed. 

The  large  machine,  shown  in  Fig.  1,  is  for  large  ingots  cast 
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(Scale  double  that  of  Fig.  2.) 
FiG.   3. — iLLTXCiWORTH    CaSTING-MaCHIXE    FOR    SmALL    InGOT.S    IN   GrOUP?! 


on  trucks,  which  are  transported  out  of  the  foundry  immedi- 
ately after  casting,  each  ingot  to  be  compressed  separately. 
This  action  can  be  so  modified  that  three  2-ton  molds  can  be 
compressed  at  one  time. 

The  small  machine,  illustrated  by  Figs.  2  and  3,  is  designed 
to  compress  ingots  of  smaller  sizes  that  are  cast  in  groups  on 
the  ground.  In  this  case  the  casting  must  be  made  simul- 
taneously in  all  the  molds  in  order  to  have  the  same  initial 
temperature.     This  can  be  effected  either  by  bottom-casting  or 
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by  pouring  the  steel  from  the  ladle  through  an  under  hang- 
ing-trough provided  with  a  hole  for  each  mold.  With  bottom- 
cast  ingots  the  gates  break  off  during  the  movement  of  com- 
pression. These  illustrations  have  been  prepared  more  for 
demonstration  than  for  working-drawings.     For  clearness,  sev- 


A  B 

Cast  and  cooled  in  ordi-  Cast  and  compressed  in  sectional  mold  during 

nary  solid  mold.  Shows  pip-  cooling.    Shows  absence  of  piping, 
ing  at  upper  end. 

Fig.  4. — Steel  Ingots  Split  Longitudinally  to  Show  the  Elimination  of 
Piping  by  Compression  During  Cooling. 

eral  details  of  construction  have  been  omitted.  These  details 
have  to  be  modified  to  suit  each  particular  case. 
.  The  hydraulic  cylinders  on  the  one  side  of  the  press  and  the 
back  of  the  molds  on  the  other  are  supported  by  six  I-beams 
(-£",  -E",  in  Fig.  2)  laid  horizontally  on  pieces  formed  to  fit  them, 
and  held  toscether  bv  vertical  beams  and  screw-bolts. 
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In  regard  to  the  details  of  working  the  Illingworth  press,  3 
or  4  men  can  cast  and  compress  60  ingots,  13  in.  square  and 
40  in.  long,  in  an  hour's  time.  The  edges  of  the  molds  have 
to  be  planed,  but  a  mold  can  be  used  for  about  125  heats  before 
this  repair  is  needed. 

It  is  impossible  to  give  general  statements  of  the  cost  of  op- 
erating this  press,  since  the  economy  would  have  to  be  calcu- 
lated for  each  particular  case. 

By  careful  investigation  it  has  been  shown  that : — 

1.  During  compression  the  surface  of  the  ingot  is  neither 
crushed  nor  folded,  but  is  merged  in  the  mass,  the  same  as  in 
the  roughing-mill,  although  the  circumstances  attending  com- 
pression are  not  so  favorable  as  those  of  rolling. 

2.  No  groove  is  formed  between  the  joints  of  the  mold.  If, 
with  special  steels,  there  should  be  some  tendency  to  this,  it  is 
easy  to  make  the  edges  of  the  bars  slightly  convex,  thus  leav- 
ing concave  grooves  in  the  ingots,  which,  by  compression, 
straighten  out  to  a  plane. 


The  Beard-Mackie  Sight-Indicator  for  the  Measurement 
of  Marsh-Gas  in  Collieries. 

BY   M.    H.    HARRINGTON,    PHILADELPHIA,    PA. 

(Bethlehem  Meeting,  February,  1906.) 

The  Transactions  of  the  Institute  afford  abundant  evidence 
of  the  general  recognition  by  mining  engineers  of  the  impor- 
tance of  a  safety-lamp  which  will  not  only  give  warning  of  the 
presence  of  fire-damp,  but  w^ill  also  indicate  the  proportion  in 
which  it  is  present.^ 

Mining-men  are  only  too  familiar  with  the  frequent  and  sud- 

*  den  changes  that  habitually  occur  at  the  working-face  of  a 

gaseous  mine.     J^othing  illustrates  more  forcibly  the  pregnant 

condition  of  the  strata  enfolding  the  seam  and  the  seam  itself, 

than  the  fact  that  a  circulation  of  perhaps  150,000  cu.  ft.  of  air 

1  See  Trans.,  xiii.,  129  (1884-5)  ;  xiv.,  410  (1885-6)  ;  and  especially  the  elabo- 
rate papers  of  Profs.  Chesneau  and  Clowes,  xxii.  (1893),  120,  606,  with  the  dis- 
cussion, xxii,  725  (1893). 
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may  contain  2  or  even  3  per  cent,  of  marsh-gas,  representing 
a  volume  of  from  3,000  to  4,500  cu.  ft.  of  this  gas  pouring  out 
each  minute  from  the  natural  strata  into  the  mine-workings.  It 
would,  indeed,  be  strange  if  this  great  outflow  of  gas  were 
always  constant,  and  it  creates  no  surprise  that  such  earth- 
breathings,  as  they  may  be  called,  are  spasmodic  and  irregular 
in  their  wane  and  flow.  There  are  other  causes  that  act  to  vary 
the  gaseous  condition  of  mine-air.  Gas  has  a  tendency,  often 
very  manifest  in  mine-workings  and  airways,  to  stratify  and,  at 
times,  to  travel  long  distances  in  veins  or  streams.  It  is  com- 
mon to  catch  and  lose  the  gas  in  the  lamp  when  making  a  test. 
At  times  two  lamps,  held  side  by  side  in  an  air  current,  will  in- 
dicate different  gaseous  conditions  of  the  passing  air.  When 
testing  for  gas,  the  lamp  may  suddenly  fill  with  flame,  in  a 
mine-chamber,  where  a  moment  before  a  careful  test  showed 
the  presence  of  but  1  per  cent,  of  gas. 

It  is  sometimes  remarked  that  there  is  little  need  of  detect- 
ing a  smaller  percentage  of  gas  than  is  revealed  by  the  common 
Davy  lamp.  This  quantity,  according  to  the  ability  of  the  ob- 
server to  discern  the  flame-cap,  will  vary  from  2.5  to  3  per  cent. 
Indeed,  few  men  are  able  to  discover  the  slightest  indication  of 
gas  when  the  quantity  present  is  as  low  as  2.5  per  cent.  In  a 
recent  discussion  of  this  subject  that  took  place  in  a  meeting  of 
the  Institution  of  Mining  Engineers,  England,^  it  was  stated 
that  the  observance  of  a  minute  flame-cap  by  two  individuals 
will  differ  according  to  the  object  each  had  in  view.  An  in- 
stance was  cited  where  a  mine-inspector  and  a  mine-overman, 
both  experienced  mining-men,  entered  a  place  where  the  in- 
spector wanted  to  show  the  presence  of  gas ;  the  overman  failed 
to  detect  the  flame-cap,  which  was  plainly  visible  to  the  inspec- 
tor. Shortly  after,  the  inspector  failed  to  see  any  appearance 
of  gas  on  the  flame  in  the  overman's  lamp  in  another  heading 
where  the  latter  claimed  he  had  found  gas.  As  a  matter  of, 
fact,  there  is  too  much  guessing  in  the  method  of  detecting  the 
presence  of  gas  by  the  height  of  the  flame-cap,  which  is  very 
indistinct,  except  when  the  proportion  of  gas  reaches  3  per 
cent. 

The  papers  of  Profs.  Chesneau  and  Clowes  describe  many 


^  Transactions  of  the  Institution  of  ^fining  Engineers,  vol.  xxvi.,  p.  217  (1903-4) 
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ingenious  devices ;  several  of  these,  while  possessing  more  or 
less  accuracy,  require,  as  a  rule,  peculiar  and  sometimes  expen- 
sive apparatus.  It  is  the  purpose  of  my  paper,  not  to  discuss 
the  relative  merits  of  these  devices,  but  to  call  attention  to  a 
very  simple  attachment,  known  as  the  Beard-Mackie  sight-in- 
dicator, which  was  designed  three  years  ago,  after  a  long  series 
of  experiments,  by  Prof.  J.  T.  Beard,  principal  of  the  coal- 
mining department  of  the  International  Correspondence  Schools, 
Scranton,  Pa.,  but  formerly  an  active  colliery-manager  and  en- 
gineer in  the  "Western  coal-field,  and  secretary  of  the  Iowa 
State  Mining  Board.  This  little  apparatus,  which  can  be 
adapted  and  attached  to  any  ordinary  safety-lamp,  is  intended 
to  utilize  the  familiar  phenomenon  of  the  lengthening  of  the 
flame-cap  in  proportion  to  the  increase  of  methane  in  the  sur- 
rounding atmosphere  in  such  a  manner  as  to  measure  the  height 
of  the  cap  with  exactness,  and  to  eliminate  the  element  of  guess- 
ing above  mentioned,  by  substituting  a  plainly  visible  indication 
of  the  position  of  the  flame-tip,  whereby  the  percentage  of  gas 
in  the  air  is  made  known. 

This  indicator  has  been  successfully  tested  in  practice  both 
in  this  country  and  abroad.  The  following  description  of  the 
indicator  was  written  at  my  request  by  Prof.  Beard : 

"  The  device  depends  upon  the  well-known  property  of  pla- 
tinum of  inducing  the  union  of  oxygen  and  other  gases  in  con- 
tact with  its  surface,  which  property  is  possessed  by  the  com- 
pact metal  to  a  less  degree  than  spong}'  platinum  only  in 
proportion  as  its  surface  is  less  than  the  surface  of  the  latter. 
The  stimulation  of  the  chemical  activity  at  the  surface  of  the 
metal,  when  gas  is  present,  is  suflicient  to  maintain  a  red  heat 
in  a  platinum  foil.  This  is  shown  by  heating  the  foil  to  red- 
ness in  a  gas-flame,  and  then  shutting  ofi'the  gas  suddenly  and 
at  once  turning  it  on  again.  While  the  heat  developed,  in  this 
case,  is  not  sufficient  to  cause  the  gas  to  ignite,  it  maintains  a 
red  glow  in  the  platinum,  which  only  ceases  when  the  gas  is 
shut  off.  The  degree  of  heating  is  determined  by  the  ratio  of 
the  surface  to  the  volume  of  the  metal,  which,  in  the  case  of 
spongy  platinum,  is  sufficient  to  cause  the  ignition  of  the  gas, 
and  which,  in  the  fine  wires  of  the  indicator,  causes  a  white 
heat  that  enables  the  lamp  to  hold  its  flame,  relighting  the 
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lamp  after  extinction  in  'sharp'  gas.  This  feature,  which  is  of 
great  advantage  in  the  work  of  testing  for  gas  in  the  mine,  has 
often  been  proved,  both  in  the  mine  and  in  the  laboratory, 
when  the  lamp  has  been  introduced  into  an  atmosphere  of  gas 
that  was  extinctive  owing  to  the  excess  of  gas.  All  flame  ■would 
then  die  out  within  the  lamp,  the  wires  alone  remaining  incan- 
descent, and  relighting  the  gas  when  the  lamp  is  slowly  with- 
drawn, the  gas  in  turn  relighting  the  lamp.  It  is  noteworthy 
that  the  platinum  wires  incandesce  at  a  considerable  height 
above  the  tip  of  the  flame,  owing  to  the  peculiar  property  of  the 
platinum  that  stimulates  the  combustion  of  the  gas  in  contact 
with  its  surface. 

"  The  underlying  principle  of  this  device  is  practically  the 
same  as  that  involved  in  the  Liveing  indicator,  described  by 
Prof.  Chesneau  f  but  in  the  Liveing  indicator  the  original 
source  of  heat  is  an  electric  current  made  to  pass  through  the 
platinum  wdre,  while  in  the  present  device  the  heat  is  derived 
originally  from  the  flame  of  the  safety-lamp  in  which  the  indi- 
cator is  placed. 

"  The  same  principle  had  been  applied  in  a  less  practical  man- 
ner, previously,  b}'  Mr.  M.  D.  Mackie,  an  experienced  tire-boss 
at  the  Marvine  colliery  of  the  Delaware  and  Hudson  Railroad 
Company's  coal  department.  Mr.  Mackie  supported  a  small 
platinum  coil  above  the  flame  of  a  common  Davy  lamp  by 
means  of  a  brass  rod  that  passed  up  through  the  oil-vessel  into 
the  lamp.  By  moving  the  rod  up  and  down,  a  position  was 
found  in  which  the  platinum  wire  just  ceased  to  glow.  The 
height  of  the  wire  above  the  flame  at  the  moment  it  ceased  to 
glow  furnished  the  means  of  telling  the  percentage  of  gas  in 
the  air  fed  into  the  lamp. 

"After  seeing  Mr.  Mackie's  lamp,  and  making  a  few  prelimi- 
nary experiments  with  wires  of  different  gauge,  I  designed  the 
present  form  of  the  sight-indicator ;  but  not  wishing  to  deprive 
Mr.  Mackie  of  the  credit  that  is  his  due,  I  have  called  it  the 
Beard-Mackie  sight-indicator. 

"  The  device,  as  shown  in  Fig.  1,  detached  from  the  lamp, 
consists  of  a  f) -shaped  support,  made  of  No.  14  brass  wire  and 
riveted  to  a  brass  disk,  which  forms  its  base  and  fits  over  the 
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Fig.  1.— Wire- 
Frame  Support  for 
Platinum  Wires. 


Fig.    2.— Box    and    Davy 
Lamp  Used  in  Calibration. 


Fig.  3. —Sight- 
Indicator  in  a 
Davy  Lamp. 


Fig.  4.  —  Sight- 
Indicator  in  a  Bon- 
neted Clanny  Lamp. 


Fig.  5. — Beard's 
Special  Form  of  the 
Clanny  Lamp. 


Fig.  6. — Special  Form 
of  the  English  Lamp 
Adapted  for  the  Sight- 
Indicator. 
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wick-tube  of  the  lamp.  The  indicator  is  thus  held  firmly  in 
position  in  the  lamp  bj  the  same  nipple  that  secures  the  burner. 
As  shown  in  Fig.  1,  supported  on  this  frame  are  seven  plati- 
num cross-wires,  a  straight  standard-wire  at  the  bottom,  and 
above  this,  six  percentage-wires,  each  having  a  small  loop  or 
circle  in  the  middle.  The  loops  enable  the  incandescent-wires 
to  be  more  readily  and  quickly  discerned  within  the  gauze  of 
the  lamp.  The  lower  standard-wire  is  for  the  purpose  of  gaug- 
ing the  height  of  the  lamp-flame  in  pure  air.  The  presence  of 
gas  is  then  made  known  by  the  incandescence  of  the  successive 
percentage-wires,  the  percentage  of  gas  being  indicated  at  once 
by  the  number  of  wires  aglow.  The  successive  percentage- 
wires  indicate,  respectively,  0.5,  1,  1.5,  2,  2.5  and  3  per  cent,  of 
gas  in  the  air. 

"In  the  calibration  of  the  indicator  an  unbonneted  Davy  lamp, 
burning  pure  sperm  oil,  was  used.  The  lamp  was  hung  in  a 
small  wooden  box  10  in.  by  10  in.  by  16  in.,  shown  in  Fig.  2. 
This  box  was  connected  below  and  above  with  a  10-in.  pipe 
that  formed  a  stack  for  the  escape  of  the  gas.  The  box  was 
provided  with  a  glass  door  at  the  front,  through  which  the  be- 
havior of  the  lamp  could  be  distinctly  observed ;  the  pipe  was 
open  at  the  bottom  and  top  to  permit  the  free  upward  passage 
of  the  air  and  gas.  City  gas  was  used,  and  this  was  introduced 
into  the  lower  end  of  the  pipe  by  the  rubber  tube  leading  from 
a  gas-jet  above.  A  damper  in  the  pipe,  just  above  the  box,  al- 
lowed the  operator  to  accumulate  the  gas  so  as  to  obtain  any 
desired  gaseous  condition  of  the  air  passing  through  the  box 
in  a  constant  stream ;  and  it  was  also  possible  to  maintain  this 
constant  condition  of  the  passing  current  for  any  length  of 
time,  so  as  to  enable  a  test  to  be  made  with  the  Shaw  gas-ma- 
chine located  at  one  side  of  the  box.  A  rubber  tube  connected 
this  machine  with  a  short  brass  pipe  inserted  in  the  back  of  the 
box  and  extending  to  its  center,  terminating  at  a  point  close  to 
the  gauze  where  the  feed-air  entered  the  lamp.  By  this  means, 
it  was  possible  to  obtain  an  accurate  test  of  the  air  that  was 
feeding  the  lamps  at  any  desired  moment. 

"  Before  placing  an  indicator  in  the  lamp,  experiments  were 
made  to  ascertain  the  relation  between  the  heights  of  the  flame- 
cap  and  the  percentages  of  gas  causing  the  same,  for  the  pur- 
pose of  confirming  the  law  formulated  by  Mr.  William  Gallo- 
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way,  which  says  that  the  height  of  the  cap  varies  with  the 
cube  of  the  percentage  of  gas  present  in  the  air.  The  height 
(A)  in  inches,  for  any  percentage  (J),  was  thus  found  to  be  ex- 
pressed by  the  formulas, 

TJnbonneted  Davy  (sperm  oil),  J  =  V  36  h  (Beard) ; 
Bonneted  Davy  (sperm  oil),       J  =  ^v^70  h  (Glalloway). 

"  Having  made  these  preliminary  tests,  an  indicator-frame, 
with  cross-wires  of  platinum  arranged  upon  it  at  uniform  dis- 
tances apart,  was  placed  in  the  lamp,  and  careful  observations 
made  to  ascertain  the  relation  of  the  height  of  incandescence  of 
these  wires  to  the  percentage  of  gas  in  the  air  passing  upward 
through  the  box.  By  this  means,  the  heights  of  the  several 
percentage-wires  were  determined.  These  observations  and  ex- 
periments, repeated  many  times  and  in  diiierent  ways,  revealed 
the  discouraging  fact  that  it  was  seemingly  impracticable  to 
attempt  to  insert  a  0.5-per  cent,  wire,  because  its  position  was 
too  close  to  the  standard-wire  used  to  gauge  the  flame.  So 
close  would  this  first  percentage-wire  be  to  the  standard-wire 
that  it  required  considerable  care  to  set  the  flame  so  that  it 
would  incandesce  the  latter  without  causing  both  to  glow. 
This  difficulty,  however,  was  successfully  overcome  later  by 
using  a  slightly  heavier  iron  wire  in  place  of  the  platinum 
standard-wire.  This  iron  Avire  had  the  eft'ect  of  killing  the  heat 
in  the  immediate  tip  of  the  flame,  with  the  result  that  each  of  the 
three  lowest  percentage-wires  had  to  be  raised.  The  lowest,  or 
0.5-per  cent,  wire,  was  raised  the  most;  that  next  above,  a  less 
amount ;  and  the  upper  one  of  the  three,  the  least  of  all.  The 
three  upper  percentage-wires  were  not  disturbed  in  their  posi- 
tion by  the  introduction  of  the  iron  wire  for  a  standard-wire. 
The  idea  of  thus  killing  the  heat  in  the  extreme  tip  of  the 
flame  was  suggested  by  the  principle  of  Sir  Humphry  Davy's 
wire-gauze. 

"  The  iron  standard-wire,  however,  proved  a  source  of  annoy- 
ance in  the  use  of  the  indicator  in  strong  gas.  It  would  burn 
out  in  a  short  time,  and  required  to  be  replaced  by  another  wire. 
Further  experiment  showed  that  copper  wire  could  not  be  used, 
probably  owing  to  its  high  conductivity;  aluminum,  likewise, 
has  a  comparatively  high  conducting  power,  and,  in  addition,  it 
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would  not  stand  the  heat  of  the  flame.  Finally,  the  use  of  a 
platinum  wire  of  a  somewhat  lower  gauge  was  found  to  meet 
every  requirement. 

"  The  advantage  of  the  sight-indicator  over  the  usual  method 
of  testing  for  gas  may  be  briefly  stated  as  follows :  With  the 
normal  working-flame  of  a  Davy  or  Clanny  lamp,  burning  or- 
dinary sperm  or  lard  oil,  it  makes  plainly  visible  within  the 
lamp  the  slightest  change  in  the  gaseous  condition  of  the  mine- 
air,  and  indicates  with  great  accuracy  the  exact  percentage  of  gas 
present,  in  amounts  varying  from  0.5  to  3  per  cent.  Beyond 
this  quantity  the  percentage  of  gas  is  estimated  readily  by  the 
usual  method  of  observing  the  height  of  the  flame-cap,  which 
is  then  clearly  discernible.  Xo  time  is  lost  in  drawing  down 
the  flame  when  making  a  test,  and  the  risk  of  losing  the  light 
is  eliminated.  The  indicator,  operating  continuously  and  auto- 
matically, reveals  the  presence  of  unsuspected  gas  where  a  test 
by  the  usual  method  would  be  considered  unnecessary;  a  pos- 
sible accident  may  be  thereby  averted.  Aside  from  the  actual 
determination  of  the  percentage  of  gas  present,  however,  the 
chief  advantage  of  such  a  device,  in  a  mine,  is  its  power  to 
show  constantly  the  fluctuation  in  the  percentage  of  gas. 

"  The  test  is  quickly  made,  as  the  wires  respond  promptly  to 
the  slightest  change  in  the  gaseous  condition  of  the  air.  A 
change  caused  by  the  accidental  setting  open  of  a  door,  and  the 
consequent  derangement  of  the  ventilating  current,  or  the  lib- 
eration of  gas  by  a  fall  of  roof  in  another  portion  of  the  mine, 
or  an  increased  outflow  of  gas  from  old  workings,  caused  by  a 
sudden  fall  of  the  barometer,  or  even  an  increased  quantity  of 
inflammable  dust  in  the  air,  will  at  once  be  shown  by  this 
silent  monitor,  as  has  been  proved  in  several  instances  in  the 
mine.  It  is  already  reported  as  having  been  the  direct  means 
of  saving  men's  lives  by  indicating  an  unsuspected  increase  of 
gas  where  it  was  not  thought  necessary  to  stop  to  make  a  test. 
This  will  be  understood  when  it  is  remembered  that  the  device 
gives  its  indication  with  the  normal  working-flame,  the  bright 
incandescence  of  the  wires  being  clearly  seen,  notwithstanding 
the  brightness  of  the  lamp-flame.  This  is  a  great  advantage 
over  the  flame-cap  method,  in  which  it  is  necessary  first  to  stop 
and  lower  the  flame  of  the  lamp  to  a  mere  glimmer  before 
making  the  test.     In  doing  this,  there  is  incurred  not  only  the 
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loss  of  time,  but  the  risk  of  getting  in  the  dark,  which  every 
miner  rightly  dreads. 

"  The  appreciation  of  the  value  of  this  device  for  the  purpose 
named  is  shown  by  the  fact  that  special  lamps  have  been  de- 
signed for  its  use  in  England  and  also  in  France,  because  the 
mining  laws  of  these  countries  forbid  the  use  of  an  unbonneted 
Davy  lamp  in  a  gaseous  mine,  and  it  was  thought  best  to  de- 
sign a  special  lamp  in  each  case.  Fig.  3  shows  the  sight-indi- 
cator in  a  Davy  lamp;  Fig.  4  shows  it  in  a  bonneted  Clanny 
lamp,  in  which,  however,  its  sensitiveness  is  somewhat  lowered 
by  the  effect  of  the  bonnet,  which  also  hides  some  of  the  upper 
wdres.  Special  forms  of  the  Clanny  and  Mueseler  lamps,  the 
former  shown  in  Fig.  5,  having  a  3.5-in.  glass,  and  admitting 
the  air  below  the  flame,  have  recently  been  designed  by  me 
(Beard),  which  give  good  results  with  the  indicator.  The 
special  form  of  English  lamp  of  the  Ashworth-Hepplewhite- 
Gray  type,  designed  for  the  indicator,  is  shown  in  Fig.  6." 

Postscript. — At  the  request  of  the  Secretary  of  the  Insti- 
tute, the  following  information  concerning  the  American  and 
foreign  patents  of  the  Beard-Mackie  indicator  is  here  given  : — 


Country. 


United  States I 

Canada < 

Great  Britain < 

Germany -j 

France 

Belgium 


Number. 

Date. 

692,885 

Feb.  11,  1902. 

722,555 

Mar.  10,  1903. 

78,969 

Jan.  13,  1903. 

81,663 

June  3(1,  1903. 

4,851 

Feb.  26,  1902. 

20,281 

Sept.  17,  1902. 

171,891 

Mar.  3,  1902. 

185,268 

Sept.  20,  1902. 

324,594 

Sept.  18,  1902. 

165,669 

Sept.  30,  1902. 
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BY  SAMUEL    S.    WYER,    COLUMBUS,    OHIO. 

(Bethlehem  Meeting,  February,  1906.) 

The  following  abbreviations  have  been  used  in  the  text : 

Am.  Mfr.  and  Iron  World.  American  Manufacturer  and  Iron 
Worlds  Pittsburg,  Pa. 

Can.  Min.  Rev.     Canadian  Mining  Review^  Ottawa,  Can. 

Cass.  Mag.     Cassiefs  Magazine,  jSTew  York,  N.  Y. 

Col.  Eng.      Colliery  Engineer,  Scranton,  Pa. 

Col.  Guard.      Colliery  Guardian,  London,  Eng. 

Eng.  and  Min.  Jour.  Engineering  and  Mining  Journal,  New 
York,  1^.  Y. 

Eng.  News.     Engineering  News,  Xew  York,  IST.  Y. 

Engr.     Engineering,  London,  Eng. 

J.  I.  and  S.  I.  Journal  of  the  Iron  and  Steel  Institute,  Lon- 
don, Eng. 

Jour.  W.  Soc.  of  Engrs.  Journal  Western  Society  of  Engi- 
neers, Chicago,  111. 

Lond.  Eng.      The  Engineer,  London,  Eng. 

Mines  and  Min.     Mines  and  Minerals,  Scranton,  Pa. 

North  of  Eng.  I.  31.  E.  North  of  England  Institute  of  Mining 
Engineers,  Newcastle-on-Tyne,  England. 

Oester.  Zeitsch  f  Berg  a.  Hilt.  Oesterreichische  Zeitschrift  fiir 
Berg-und  Hilttenwesen,  Vienna,  Austria. 

Pract.  Engr.     Practical  Engineer,  London,  Eng. 

Proc.  I.  (\  E.  Proceedings  Institution  of  Civil  Engineers,  Lon- 
don, Eng. 

Trans.  A.  I.  M.  E.  Transactions  American  Institute  of  Mining 
Engineers,  Xew  York,  N.  Y. 

Trans.  A.  S.  M.  E.  Transactions  American  Society  Mechani- 
cal Engineers,  New  York,  N.  Y. 

Trans.  Fed.  I.  M.  E.  Transactions  Federated  Institute  Mining 
Engineers,  ISTewcastle-on-Tyne,  England. 

Trans.  I.  M.  E.  Transactions  Institute  Mining  Engineers, 
Newcastle-on-T}'ne,  England. 
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plant,  with  summary  of  results. 
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VOL.  XXXVII. — 17 


258  BIBLIOGRAPHY    OF    COAL-WASHING. 

1877. 
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Bulletin  de  la  Socicte  de  l' Industrie  Minerale.  Description  and  discussion  of  French 
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1879. 
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J.  I.  and  S.  I.,  vol.  1,  p.  266.     Brief  description  of  a  coal-washer. 
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in  Belgium. 
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/.  /.  and  S.  I,  vol.  1,  p.  274.     Description  and  discussion  of  the  operation  of 

a  German  coal-washing  plant. 

1884. 
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subsidence  of  fine  solid  particles  in  liquids.     This  paper  is  of  unusual  value,  and 
it  givies  a  large  amount  of  data. 
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Engr.,  vol.  51,  p.  184,  February  13.  Description  and  elaborate  drawings  of  a 
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J.  I.  and  S.  I.,  vol  2,  p.  231.  Brief  description  and  discussion  of  two  coal- 
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Trans.  Fed.  I.  J/.  E.,  vol.  3,  p.  504.  Brief  discussion  of  the  crushing  and  wash- 
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Eng.  and  J\Iin.  Jour.,  July  2.  Illustration  and  description  of  coal- washing 
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Asia  Minor. 

/.  7.  and  S.  /.,  vol.  2,  p.  419.     Brief  mention  of  Stutz  coal-washer. 
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plant. 
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Trans.  A.  1.  M.  E.,  vol.  24,  pp.  409,  918.  Comprehensive  discussion  of  the  sci- 
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laws  and  many  valuable  data. 
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Lond.  Eny.,  vol.  80,  p.  626,  December  12.  Description  and  illustration  of  the 
Francon  coal-washer. 

Revue  Universelle  des  Mines,  p.  167.  Comprehensive  discussion  of  the  Francon 
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washer. 

Eng.  and  Min.  Jour.,  May  23.  Brief  description  of  a  German  coal-washing 
plant. 

Eng.  and  Min.  Jour.,  .July  11.     Utilization  of  waste  from  coal-washer. 

Eng.  and  Min.  Jour.,  August  8.     Illustration  and  description  of  washing  plant. 

Eng.  and  Min.  Jour.,  October  24.  Illustration  and  description  of  coal-washing 
plant. 

Eng.  and  Min.  Jour.,  November  28.  Illustration  and  description  of  a  wash- 
ing plant. 

Eng.  News.,  vol.  36,  p.  395,  December  17.  Abstract  of  article  on  washing 
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Iron  and  Coal  Trades'  Review,  October  2.  Discussion  of  the  benefits  of  washing 
coal. 
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plants. 
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Lond.  Eng.,  vol.  82,  pp.  409,  410-418,  461-470.  Elaborate  drawing  and  des- 
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Proc.  I.  C.  E. ,  vol.  124,  p.  509.     Abstract  of  article  on  jigging. 

Froc.  I.  C.  E.,  vol.  124,  p.  507.  Abstract  of  article  on  the  Francon  coal- 
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School  of  Mines  Quarterly  (New  York),  July.  Coal-washing  plant  for  soft  coal. 
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the  Liihrig  coal-washing  system.     Gives  summary  of  results. 

J.  I.  and  S.  I.,  vol.  2,  p.  366.  Description  of  several  new  coal-washing  ma- 
chines. 
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Mines  and  Min.,  p.  395,  April.  Description  of  the  methods  used  and  results 
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Oester.  Zeitseh.  f.  Berg  u.  HH.et.,  October  22.  Improvements  in  washing  ma- 
chinery. 

Trans.  A.  I.  M.  E.,  vol.  28,  p.  486,  December.  The  effect  of  sizing  on  the  re- 
moval of  sulphur. 

Trans.  I.  M.  E.,  vol.  16,  p.  589.  Abstract  of  article  on  the  purification  of  coal 
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washer.     Gives  summary  of  results. 

1899. 

Col.  Guard.,  January  27.     The  use  of  jigging  machines. 
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Land.  Eng.,  vol.  90,  p.  98,  July  27.  Brief  description  of  the  .Jeffrey  coal- 
washing  plants. 
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1901. 

Col.  Ouard.,  August  16.     Washing  plant  at  a  Belgian  colliery. 
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process. 
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Screens  for  Sizing. 

BY   ERNEST   A.    HERSAM,    BERKELEY,    CAT.. 

(Bethlehem  Meeting,  I'^ebruary,  1906.) 

Accurate  ore-sizing  with  screens  is  drawing  attention  to  cer- 
tain details  that  now,  more  than  ever  before,  require  attention. 
There  are  many  tests  that  must  be  preceded  by  careful  sizing. 
The  assayer  often  could  profit  by  a  more  careful  selection  of 
screens.  In  milling,  more  attention  is  given  the  slimes  pro- 
duced. Cement-manufacturers  are  pulverizing  and  screening 
finer  than  they  formerly  did,  and  others  are  reducing  materials 
to  fine  sizes  at  high  cost,  with  screens  used  to  govern  the  fine- 
ness of  the  pulverized  product.  Fine  screens  are  expensive, 
easily  injured  by  misuse,  are  carried  in  stock  sparingly  by 
most  dealers,  and  are  handled  often  by  those  who  know  little 
about  them  except  their  designated  number. 

More  attention,  on  the  whole,  needs  be  given  the  actual  size 
of  the  mesh-openings,  and  less  emphasis  placed  upon  any  cus- 
tom or  conventionality  in  numbering.  An  efibrt  to  classify 
wire  screens,  in  this  respect,  leads  at  once  into  computations, 
where  one  is  confronted  with  details  of  sizes  and  standards,  of 
different  wires,  different  gauges,  and  different  customs.  There 
is  always  uncertainty  about  the  exact  working-size  of  a  screen 
until  one  gives  the  matter  special  attention,  and  devotes  more 
time  to  it  than  its  simplicity  seems  to  demand.  To  know  only 
the  number  is  not  sufficient  for  all  uses.  Often,  in  sets,  super- 
fluous sizes  are  used;  and  sizes  are  omitted  that  are  of  critical 
importance. 

In  wire  screens,  the  use  of  different  standard  sizes  of  wire 
makes  important  differences  in  dimensions  that  must  be  taken 
into  account.  The  dealer  usually  grades  screens  by  the  num- 
ber of  openings  per  linear  dimensions,  regardless  of  the  size  of 
the  openings  or  of  the  wire.  Certain  100-mesh  screens  in  use 
are  found,  by  measurement,  to  be  actually  coarser  than  others 
of  90-mesh,  a  result  which  is  due,  of  course,  to  the  use  of  larger 
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wire  in  the  latter  than  in  the  former,  while  in  number  the  open- 
ings remain  correct. 

In  arranging  a  graded  series  of  screens,  following  any  mathe- 
matical law  or  the  line  of  any  curve,  the  tables  which  follow 
will  be  found  of  use.  The  working-spaces  of  standard  screens 
of  the  different  sizes  can  be  compared  in  these  tables ;  and  the 
modulations  of  these  spaces  that  result  from  varying  the  wire 
to  produce  a  different  weight  of  screen,  or  a  different  strength, 
can  be  seen  and  chosen  from  the  many  combinations  possible. 

A  system  of  numbering  screens  by  their  space-openings 
would  be  most  desirable  could  it  become  general.  IST umbering 
from  1  to  1,000  in  thousandths  of  an  inch,  as  has  been  adopted 
by  certain  English  manufacturers,  for  the  measurement  of  wire, 
or  from  1  to  250  in  hundredths  of  a  millimeter,  were  the  me- 
tric system  to  be  employed,  would  have  many  advantages.  It 
is  well,  in  following  one's  own  purpose,  to  give  to  the  screens 
such  numbers  as  designate  their  working-sizes,  and  to  regard 
them  by  the  dimensions  of  their  spaces.  By  doing  this  more 
generally,  a  better  expression  of  the  actual  size  of  screened 
material  would  be  had  than  is  now  common. 

The  possibility  of  classifying  materials  in  currents  of  water, 
or  of  air,  at  different  velocities,  makes  the  use  of  screens,  and, 
fortunately,  the  finer  ones,  often  unnecessary.  But  classifica- 
tion by  difference  in  size  alone,  with  no  specific  gravity  condi- 
tion to  enter,  requires  actual  screening.  For  this  need,  there 
are  available,  and  on  the  market,  punched  screens  and  wire 
screens,  of  various  metals,  and  standard  sizes.  The  punched 
screens  are  used  extensively  in  gold-milling,  and  are  regarded 
by  many  as  superior  to  other  kinds  for  this  purpose.  Such 
screens  are  made  with  punched  openings,  both  round  and 
square;  and  many  are  punched  with  the  long  and  narrow 
needle  slot,  cut  either  along  horizontal  lines  or  on  a  diagonal. 
Some  of  the  screens  are  punched  with  a  burr  purposely  left 
around  the  edge  of  the  slots,  and  others  with  indented  slots. 

The  thickness  of  a  punched  metal  usually  should  be  between 
a  half  and  a  quarter  of  the  diameter  of  the  hole ;  but  this 
requisite  varies  also  with  the  size,  and  with  the  kind  and  the 
quality  of  metal.  However  desirable  extreme  thinness  of  the 
metal  would  be,  causing  screens  to  work  freely  in  the  fine  sizes, 
the  strength,  notwithstanding,  must  be  maintained,  and  allow- 
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ance  made  for  the  wear  of  the  sheet-metal.  Screens  are  made 
thicker,  relatively  to  the  size,  therefore,  as  they  are  made  to  do 
finer  work,  since  there  must  be  adequate  working-area  and 
strength  of  screen  to  support  this. 

Screens  made  from  drawn  wnre  of  different  metals  are  strong. 
Injury  most  often  comes  to  these  from  the  displacement  of 
wires;  and  this  quality,  with  the  high  first  cost,  often  gives 
reason  for  using  other  kinds.  Very  fine  screens  are  made,  de- 
sirably, of  wire  cloth.  For  many  uses,  the  wire  screen  has  no 
satisfactory  substitute. 

The  shape  and  area  of  the  apertures  through  which  the 
crushed  material  must  pass  is  the  important  quality,  if  the 
screen  be  used  for  accurate  work.  Ditferent  shapes  of  screen- 
openings  act  differently  upon  particles  of  different  shapes. 
Tabular  particles  can  pass  the  slot-screens  when  they  would  be 
held  back  by  square  or  round  openings  of  equal  space ;  and  the 
passage  of  needle-like  particles  must  depend,  in  a  measure, 
upon  the  kind  and  violence  of  the  motion  and  the  thickness  of 
the  sheet-metal.  Different  minerals  and  rocks  break  into  dif- 
ferent shapes  of  particles ;  and  the  methods  of  pulverizing  in- 
fluence this.  Abrasion  tends  to  destroy  any  extreme  irregu- 
larity of  shape,  and  so,  for  the  most  part,  a  crushed  substance 
like  ore  breaks  into  particles  of  no  very  great  disparity  of  axial 
dimensions. 

If  one  might  neglect  these  differences  in  the  shape  (which 
result  from  cleavage  and  crystallization,  and  which  arise  from 
the  different  action  of  the  crusher  upon  particles  that  are  brit- 
tle, elastic  or  malleable),  the  mean  condition  of  dimensions,  or 
the  average  shape  of  particles,  would  be  spherical.  This  shape 
cannot  be  fairly  neglected ;  but  in  the  grading  of  screens  it  is 
well  to  consider  their  work  as  if  upon  either  spherical  or  cubi- 
cal particles;  and  where  difference  in  the  shape  is  taken  into 
consideration,  one  then  may  use  the  sphere  or  the  cube  as  a 
basis  in  making  the  necessary  modification.  If  uniform  rock 
tends  to  assume  certain  forms  in  the  large  pieces,  it  is  likely 
to  do  this  also  in  the  small  sizes,  and  the  relation  between  di- 
ameter and  mass  then  holds  through  all  sizes.  Ores,  however, 
being  composed  of  mixed  minerals,  liberate  crystals  or  miner- 
als of  different  shapes  upon  crushing,  and  no  relation  holds 
that  can  be  predicted  definitely.     Allowance  usually  must  be 
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made  for  the  widest  difference  in  size  that  could  be  probable 
among  these  particles,  as  they  escape  from  the  rough  action  of 
the  crusher. 

This  difference  will  be  found  greater  than  is  desired,  but  it 
must  not  in  any  way  discourage  close  work  with  screens. 
Brunton^  finds  with  a  single  mineral  (pyrite),  particles  passing 
the  screen  which  are  nearly  three  times  the  size  (mass)  of  the 
theoretical  cube  that  could  pass.  On  the  other  hand,  with  a 
mineral  like  quartz,  pieces  commonly  are  taken  from  screens 
which  are  only  one-third  and  one-fourth  the  weight  of  the  the- 
oretical cube. 

Thus,  there  is  an  overlapping  in  the  actual  weight  of  parti- 
cles from  one  size  of  screen  to  the  next,  in  a  closely  graded 
set.  This  lays  emphasis  upon  the  motion  that  is  given  the 
screen  to  force  the  ore  through,  upon  the  length  of  time  allowed 
the  particles  to  find  a  position  to  pass,  and  upon  the  mass  of 
material  on  the  screen  obstructing  the  freedom  of  motion,  with 
other  conditions  that  modify  the  mechanical  action,  all  of  which, 
if  not  made  uniform,  would  have  much  influence  upon  the 
results  obtained  with  screens  uniform  in  size. 

In  the  fine  sizes,  moisture  in  the  ore  has  influence.  The  dif- 
ferent frictional  resistance  of  fine  particles,  too,  affects  their 
behavior.  Their  contacts,  with  increased  surface  and  smaller 
masses,  influenced  by  an  increase  of  their  appreciable  cohesive 
force,  aftect  them.  The  diminished  force  of  gravity  and  mo- 
mentum acting  upon  these  smaller  masses  having  greater  pro- 
portionate surfaces,  makes  the  departure  from  the  behavior  of 
the  theoretical  cube  difterent  for  difterent  sizes. 

The  effects  of  the  size  of  the  screen  are  distinct,  however, 
upon  the  average  size  of  a  product,  or  upon  products  typified, 
in  single  sizes.  Deviations  from  such  a  typical  condition  are 
characteristic  of  the  ore,  and  are  functions  of  this,  as  well  as 
of  the  size  to  which  the  ore  is  crushed.  Screens  are  gauged 
as  accurately,  therefore,  as  though  the  products  were  strictly 
uniform. 

The  slot-screen,  in  this  regard,  has  only  one  dimension  to  be 
considered,  the  width  of  the  slot.  The  length  of  the  slot  is 
limited  chiefly  by  the  strength  desired,  and  for  ore-sizing,  this 

1  Trans.,  xxv.,  832  (1895). 


SCREENS    FOR    SIZING.  269 

length  is  sufficient  to  be  disregarded.  The  square-punched 
or  the  woven  wire  screen  must  be  rated  according  to  the  space 
between  wires,  or  the  diameter  of  the  largest  possible  inscribed 
circle  in  the  rectangular  opening.  The  round-punched  screen 
is  measured  by  the  diameter  of  the  openings. 

The  thickness  of  a  punched  sheet,  also,  has  something  to  do 
with  the  size  of  the  irregularly-shaped  particles  that  actually 
pass ;  but  thickness,  necessarily,  increases  the  tendency  of  a 
screen  to  clog,  and  any  difterence  in  size  that  can  arise  from 
difierence  in  thickness,  if  a  screen  is  suitable  to  use  at  all,  is 
small  compared  with  other  factors. 

Microscopic  examination  shows  that  most  fine  cloth-screens 
are  well  made;  and  that  the  wire  from  which  they  are  woven 
is  gauged  evenly  by  some  standard  intended  by  the  manufac- 
turer. The  benefit  of  this  accuracy,  however,  may  not  always 
fall  upon  the  consumer,  who  finds  difficulty,  perhaps,  in  ob- 
taining the  exact  size  desired  without  delay,  or  without  danger 
of  specifying  sizes  difficult  to  produce. 

A  large  number  of  screens  of  many  kinds  have  been  meas- 
ured by  projecting  parallel  rays  of  light  through  them  and 
through  the  lenses  of  a  stereopticon  to  a  wall  upon  which  they 
could  be  measured.  After  testing  the  lenses  of  a  stereopticon, 
measurement  can  be  made  conveniently  in  this  way  with  much 
accuracy.  A  large  field  is  exposed  to  view;  and  aberration  of 
light  is  avoided  by  fastening  pieces  of  the  fine  screens  upon 
ground-glass  slides  for  their  projection.  Any  irregularity  is 
detected  at  once  by  the  eye,  and  the  finest  wire  is  measured 
accurately  with  a  drawing-scale. 

The  result  of  the  examination  of  these  screens  shows  the 
need  of  care  by  all  who  are  using  screens  for  accurate  work. 
One  must  be  certain  not  only  that  the  number  of  apertures 
per  linear  inch  is  correct,  but  that  the  size  of  wire,  if  uniform, 
is  of  the  size  expected ;  and  one  must  see  what  effect  this  size 
has  upon  the  diameter  of  the  available  aperture. 

In  the  following  tables  are  given  the  space-openings  of 
screens  of  different  sizes,  when  made  correctly  of  standard 
wire.  The  calculation  upon  which  the  tables  are  based  refers 
to  the  size  of  spherical  particles  which  screens  would  permit  to 
pass.  Different  standard-gauges  are  shown,  as  are  required 
to  cover  the  needs  of  the  prevailing  manufacturing  customs. 
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Whereas,  iron  or  steel  usually  is  measured  by  the  "Worcester 
(Washburn  and  Moen  or  the  Roebling)  gauge,  copper  is  meas- 
ured by  the  American  (Brown  and  Sharpe)  gauge,  and  brass 
wire  by  the  Old  English,  or  London  gauge,  or  by  the  Birming- 
ham (or  Stub's)  gauge  in  the  coarser  sizes. 

The  tables  can  be  used  to  select  from  the  standard  sizes  such 
screens  as  are  required  in  any  graded  series.  Within  a  certain 
limit,  it  is  justifiable  to  vary  the  wire  in  ordering,  so  as  to  ob- 
tain the  exact  sizes  wanted.  For  this  purpose,  screens  of  dif- 
ferent weight,  of  diiferent  sizes  of  wire,  are  shown. 

The  letter  d  represents  the  screens  used  by  Prof.  De  Kalb  in 
his  tests  and  graphic  records.^ 

The  letter  /  shows  the  screens  which  most  nearly  approach 
a  series  based  upon  quarters,  eighths  and  sixteenths  of  inches, 
as  mentioned  below. 

The  letter  h  represents  screen-sizes  that  correspond  to  those 
described  by  W.  S.  Hutchinson^  and  used  in  connection  with 
Prof.  Richards'  work  on  Ore  Dressing. 

The  letter  p  shows  those  sizes  that  closely  approach  the  space 
of  certain  standard  needle-slot  screens  which  are  made. 

The  letter  r,  in  the  reference  column,  shows  sizes  closely  ap- 
proaching those  used  by  Rittinger,  obtained  by  the  use  of  a 
size  of  wire  recommended  in  a  table  published  by  the  School 
of  Mines  Quarterly.* 

The  letter  s  shows  sizes  used  by  Brunton  in  his  work  upon 
ore-sampling."* 

The  letter  t  shows  the  sizes  of  all  those  desirable  screens,  in 
each  table,  which  approach  most  nearl}'  the  sizes  represented 
in  Table  I. 

The  tables  will  be  found  arranged  in  the  order  of  decreasing 
sizes  resulting  from  the  use  of  heavier  wire,  within  limits. 
Sizes  will  be  found  approaching  closely  any  sizes  required  in  a 
graded  series. 

A  series,  to  be  consistent,  often  should  follow,  in  geometri- 
cal progression,  a  constant  fractional  reduction  from  size  to 
size.  Thus,  a  series  of  2,  1,  i,  i  \,  J-g-,  gL,  -J^,  ^-i.^,  ^^  and 
-g-^  in.,  or,  expressed  in  decimals,  2,  1,  0.5,  0.25,  0.125,  0.0625, 

2  Tram.,  xxviii.,  484  (1898).  »  Trans.,  xxxv.,  258  (1905). 

*  School  of  Mines  Quarterly,  vol.  ii. ,  p.  216  (May,  1881). 
5  Trans.,  xxv.,  827  (1895). 
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0.0312,  0.0156,0.0078,  0.0039  and  0.0020  in.,  is  satisfactory  for 
general  use.  The  nearest  approach  to  such  a  series  of  screens 
as  this,  is  shown  by  the  letter/ in  the  tables. 

A  desirable  graded  series  of  screens  is  shown  by  the  space 
openings  represented  in  Table  I.  These  follow  the  lines  of 
such  a  curve  as  has  been  used  by  Rittinger,  and  they  are  ex- 
tended in  the  tabulation,  here,  in  order  to  cover  the  extremely 
fine  sizes.  The  nearest  approach  to  these  desirable  space  open- 
ings, that  can  be  obtained  by  the  use  of  standard  wnre,  is  here 
represented  by  the  mesh  of  the  screen  and  the  number  of  the 
wire. 

Table  I. — A  Graded  Series  of  Screens. 


Openings  Desired. 

Meshes* 

Size  of  Brass 
Wire.    Old 

Openings  Desired. 

Meshes 

Size  of  Brass 
Wire.     Old 

to  the 

English  or 

to  the 

English  or 

Milli- 
meters. 

Inch. 

London 

Milli- 
meters. 

Inch. 

Londoia 

Inches. 

Gauge. 

Inches. 

Gauge. 

64.0 

2.56 

3^^ 

000 

r  26 

27 

45.2 
32.0 

1.80 

1.28 

0 
3 

0.50 

0.020 

28 
■     30 

29 
30 

22.6 

0.890 

H'^ 

4 

L   35 

35 

16.0 

0.630 

3// 

4 

11 

(    35 

30 

11.3 

0.445 

i// 

7 

0.35 

0.014 

\    40 

32 

8.0 

0.315 

h 

14 

1.   50 

38 

5.6 

0.222 

3i 
f    4 

16 
13 

0.25 

0.0098 

/    50 
t    55 

34 
35 

4.0 

0.157 

[f 

16 
19 

0.175 

0.0069 

f    74 
I   80 

37 

38 

2.8 

0.111 

1 

21 

f   90 

38 

2.0 

0.079 

\ 

r  7 

L    9 

16 
21 

0.125 

0.0049 

\  100 
il20 

39 
43 

1.41 

0.056 

' 

ri2 
Ll4 
fl6 

23 
29 
25 

0.087 

0.0034 

j  150 
ll60 
fl60 

44 
45 
43 

1.00 

0.039 

" 

18 

20 

22 

fl8 

28 
32 
36 
23 

0.062 

0.0024 

J  180 
1  190 
L200 
(180 

44 
45 

43 

20 

25 

0.043 

0.0017 

\  190 

43 

0.70 

0.028 

22 

26 

(200 

44 

24 
26 

30 

0.031 

0.0012 

190 

42 

33 

0.022 

0.0009 

200 

42 

*  Where  the  sign  of  inches  (^^)  is  expressed,  the  number  signifies  "  inches  to 
the  mesh." 


The  needle-slot  screens  do  not  conform  to  screens  of  wire- 
cloth  in  their  designating  numbers.  In  punched  screens,  the 
size  of  the  opening  is  incidental  to  nothing  else.  Coarse  sizes 
can  be  obtained  of  any  space-opening  desired  in  simple  fractions 
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of  inches  or  millimeters.     Certain  finer  sizes,  which  are  repre- 
sented by  smaller  fractions,  are  shown  in  Table  II. 


Table 

II. — Openings  in 

Certain  Punched  Screens. 

No. 

Mesh. 

Width  of  Slot. 

1 

No. 

Mesh. 

Width  of  Slot. 

Inches. 

Millimeters. 

1 

Inches. 

Millimeters. 

1 

12 

0.058 

1.47 

'         8 

35 

0.022 

0.56 

2 

14 

0.049 

1.24 

9 

40 

0.020 

0.51 

3 

16 

0.042 

1.07       j 

10 

50 

0.018 

0.46 

4 

18 

0.035 

0.89 

11 

55 

0.0165 

0.42 

5 

20 

0.029 

0.74 

1       12 

fiO 

0.015 

0.38 

6 

25 

0.027 

0.69 

13 

70 

0.0135 

0.34 

7 

30 

0.024 

0.61 

In  Tables  III.  to  VI.,  inclusive,  the  following  references  are 
used: 

d.  Represents  the  size  of  screens  used  by  De  Kalb.^ 

/.  Represents  the  nearest  approach  to  sizes  of  a  set  graded 
as  follows:— 1",  |",  I",  etc.  (see  p.  270). 

h.  Shows  screens  which  have  been  used  by  Richards  as  de- 
scribed by  Hutchinson.^ 

jp.  Represents  sizes  corresponding  most  nearly  to  the  punched 
screens  given  in  Table  11. 

s.  Represents  the  screens  used  by  Brunton.* 

t.  Represents  all  sizes  shown  in  Table  I. 

r.  Shows  Rittinger  screens,  elsewhere  advised.^ 

In  the  column  representing  the  screen  numbers,  when  the 
sign  of  inches  [")  is  expressed,  the  number  is  understood  to 
imply  "  inches  to  the  mesh."  When  no  sign  of  inches  is  shown, 
the  number  signifies  the  number  of  "  meshes  to  the  inch." 
Thus,  a  f "  screen  is  also  a  ll-mesh  screen.  Mesh-dimensions, 
in  all  cases,  are  represented  as  distances  between  wire-centers. 
The  working  size  of  screens,  or  the  opening,  or  aperture,  is 
the  clear  "  space  "  between  wires.  Decimal  values  beyond  the 
number  here  retained  have  been  used  where  required  for  de- 
ducing the  corresponding  values  of  the  other  columns.  The 
number  of  places  shown  is  a  convenient  number,  and  is  re- 
garded as  consistent  with  the  possibilities  in  practice. 


Trans.,  xxviii.,  484  (1898). 

TraTis.,  XXV.,  827  (1895). 

School  of  Mines  Quarterly,  vol.  ii. ,  p. 


■  Trans.,  xxxv.,  258  (1905). 

216  (1880-1). 
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Table  III. — Sizes  of  Wire  Screens  (usually/  iron  or  steel)  of  the 
Worcester  ( Washbimi  ^  Moen)  [Roebling)  Standard. 


Wire. 

Space. 

i 

1 

Wire. 

Space. 

Mesh. 

0 

s  s 

P.S 

a> 

11 

5.S 

i 

n 
0.280 

7.11 

0 
u 

a 

2^ 

—3" 

0.307 

2.69 

68.3 

23^ 

0.120 

3" 

00 

0.331 

2.67 

67.8 

r 

^, 

10 

0.135 

0.265 

6.73 

3" 

000 

0.362 

2.64 

67.1 

t 

9 

0.148 

0.252 

6.40 

2M" 

1 

0.283 

2.22 

56.4 

2^ 

8 

0.162 

0.238 

6.05 

-7^" 

0 

0.307 

2.19 

55.6 

3 

20 

0.0H5 

0.298 

7.57 

■'J<" 

00 

0.331 

2.17 

55.1 

f 

3 

19 

0.041 

0.292 

7.42 

i%" 

0 

0.307 

1.82 

46.2 

rt 

3 

18 

0.047 

0.286 

7.26 

1^2" 

3 

0.244 

1.26 

32.0 

t 

3 

17 

0.054 

0.279 

7.09 

1^" 
If 

2 

0.2G3 

1.24 

31.5 

r 

3 

16 

0.063 

0.270 

6.86 

i 

0.283 

1.22 

31.0 

3 

15 

0.072 

0.261 

6.63 

4 

0.225 

0.900 

22.9 

rtf 

3 

14 

0.080 

0.253 

6.43 

f 

7 

0.177 

0.635 

16.1 

r 

3 

13 

0.092 

0.242 

6.15 

\" 

15 

0.072 

0.928 

23.6 

3 

12 

0.105 

0.228 

5.79 

1" 

14 

0.080 

0.920 

23.4 

3 

11 

0.120 

0.213 

5.41 

1" 

13 

0.092 

0.908 

23.1 

3 

10 

0.135 

0.198 

5.03 

S 

1" 

12 

0.105 

0.895 

22.7 

3^ 

21 

0.032 

0.253 

6.43 

1" 

11 

0.120 

0.880 

22.3 

31^ 

20 

0.035 

0.250 

6.35 

1" 

10 

0.135 

0.865 

22.0 

3H 

19 

0.041 

0.244 

6.20 

1" 

9 

0.148 

0.852 

21.6 

3V4 

18 

0.047 

0.238 

6.05 

^-  1" 

8 

0.162 

0.838 

21.3 

3>^ 

17 

0.054 

0.231 

5.87 

A    y/ 

7 

0.177 

0.823 

20.9 

33-^ 

16 

0.063 

0.222 

5.64 

t 

t\:, 

6 

0.192 

0.808 

20.5 

3}^ 

15 

0.072 

0.213 

5.41 

.5 

0.207 

0.793 

20.1 

3>| 

14 

0.080 

0.205 

5.21 

r 

i;;; 

4 

0.225 

0.775 

19.7 

3% 

13 

0.092 

0.193 

4.90 

3 

0.244 

0.756 

19.2 

s 

3K 

12 

0.105 

0.180 

4.57 

16 

0.063 

0.687 

17.4 

3% 

11 

0.120 

0.165 

4.19 

15 

0.072 

0.678 

17.2 

4 

22 

0.028 

0.222 

5.64 

14 

0.080 

0.670 

17.0 

4 

21 

0.032 

0.218 

5.54 

13 

0.092 

0.658 

16.7 

4 

20 

0.0:!5 

0.215 

5.46 

12 

0.105 

0.645 

16.4 

4 

19 

0.041 

0.209 

5.31 

11 

0.120 

0.630 

16.0 

t 

4 

18 

0.047 

0.203 

5.16 

/4 

10 

0.135 

0.615 

15.6 

a    4 

17 

0.054 

0.196 

4.98 

9 

0.148 

0.602 

15.3 

1  I 

16 

0.063 

0.187 

4.75 

i 

8 

0.162 

0.588 

14.9 

15 

0.072 

0.178 

4.52 

7 

0.177 

0.573 

14.5 

1  \ 

14 

0.080 

0.170 

4.32 

<) 

0.192 

0.558 

14.2 

13 

0.092 

0.158 

4.01 

t 

5 

0.207 

0.543 

13.8 

2     4 

12 

0.105 

0.145 

3.68 

s 

4 

0.225 

0.525 

13.3 

»     4 

11 

0.120 

0.130 

3.30 

fi" 

17 

0.054 

0.571 

14.5 

1  f; 

20 

0.035 

0.187 

4.75 

%" 

16 

0.063 

0.562 

14.3 

19 

0.041 

0.181 

4.60 

15 

0.072 

0..553 

14.0 

S     4V| 

18 

0.047 

0.175 

4.45 

14 

0.080 

0.545 

13.8 

4}! 

17 

0.054 

0.168 

4.27 

w 

13 

0.092 

0..533 

13.5 

4>^ 

16 

0.063 

0.159 

4.04 

12 

0.105 

0.520 

13.2 

43^ 

15 

0.072 

0.150 

3.81 

r 

%" 

11 

0.120 

0.505 

12.8 

f 

i 

14 

0.080 

0.142 

3.61 

10 

0.135 

0.490 

12.4 

13 

0.092 

0.130 

3.30 

4" 

9 

0.148 

0.477 

12.1 

12 

0.105 

0.117 

2.97 

||;; 

8 

0.162 

0.463 

11.8 

r 

5 

23 

0.025 

0.175 

4.44 

7 

0.177 

0.44H 

11.4 

t 

5 

22 

0.028 

0.172 

4.37 

J;; 

6 

0.192 

0.433 

11.0 

5 

21 

0.032 

0.168 

4.27 

5 

0.207 

0.418 

10.6 

5 

20 

0.035 

0.165 

4.19 

-'^2 

18 

0.047 

0.453 

11.5 

5 

19 

o.on 

0.159 

4.04 

2 

17 

0.054 

0.446 

11.3 

5 

18 

0.047 

0.153 

3.89 

2 

16 

0.063 

0.437 

11.1 

5 

17 

0.054 

0.146 

3.71 

2 

15 

0.072 

0.428 

10.9 

5 

16 

0.063 

0.137 

3.48 

2 

14 

0.080 

0.420 

10.7 

5 

15 

0.072 

0.128 

3.25 

A  2 

13 

0.092 

0.408 

10.4 

5 

14 

0.080 

0.120 

3.05 

C  2 

12 

0.105 

0.395 

10.0 

5 

13 

0.092 

0.108 

2.74 

s 

.5  <) 

11 

0.120 

0.380 

9.65 

6 

24 

0.023 

0.144 

3.66 

«  2 

10 

0.135 

0.365 

9.27 

6 

23 

0.025 

0.142 

3.61 

5  2 

9 

0.148 

0.352 

8.94 

6 

22 

0.028 

0.139 

3.53 

S  2 

8 

0.162 

0.338 

8.59 

s 

6 

21 

0.032 

0.135 

3.43 

g  2 

7 

0.177 

0.323 

8.20 

6 

20 

0.035 

0.132 

3.35 

^  2 

6 

0.192 

0.308 

7.82 

6 

19 

0.041 

0.126 

3.20 

f 

S  2K 
S  2^ 

19 

0.041 

0.359 

9.12 

6 

18 

0.047 

0.120 

3.05 

18 

0.047 

0.353 

8.97 

6 

17 

0.054 

0.113 

2.87 

17 

0.054 

0.346 

8.79 

6 

16 

0.063 

0.104 

2.64 

r 

2}| 

16 

0.063 

0.337 

8.. 56 

6 

15 

0.072 

0.095 

2.40 

2% 

15 

0.072 

0.328 

8.33 

6 

14 

0.080 

0.087 

2.20 

s 

2>l 
2>l 

14 

0.080 

0.320 

8.13 

t 

7 

26 

0.018 

0.125 

3.17 

13 

0.092 

0.308 

7.82 

7 

25 

0.020 

0.123 

3.12 

2K 

12 

0.105 

0.295 

7.49 

r 

7 

24 

0.023 

0.120 

3.05 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  34">  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    s,  Brunton's  screens,    t.  Sizes  in  Table  I.    r.  Rittinger's  screens, 
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Table  III. —  Continued. 


Wire. 

Space. 

II 
II 

5.S 

o 

s 

■^1 

7 

23 

0.025 

0.118 

3.00 

7 

22 

0.028 

0.115 

2.92 

7 

21 

0.032 

0.111 

2.82 

7 

20 

0.035 

0.108 

2.74 

7 

19 

0.041 

0.102 

2.59 

7 

18 

0.047 

0.096 

2.44 

7 

17 

0.054 

0.089 

2.26 

7 

16 

0.063 

0.080 

2.03 

7 

15 

0.072 

0.071 

1.80 

8 

27 

0.017 

0.108 

2.74 

8 

26 

0.018 

0.107 

2.72 

8 

25 

0.020 

0.105 

2.67 

8 

24 

0.023 

0.102 

2.59 

8 

23 

0.025 

0.100 

2.54 

8 

22 

0.028 

0.097 

2.46 

8 

21 

0.032 

0.093 

2.36 

8 

20 

0.035 

0.090 

2.29 

8 

19 

0.041 

0.084 

2.13 

8 

18 

0.047 

0.078 

1.98 

8 

17 

0.0.54 

0.071 

1.80 

8 

16 

0.063 

0.062 

1.57 

9 

28 

0.016 

0.095 

2.42 

9 

27 

0.017 

0.094 

2.39 

9 

26 

0.018 

0.093 

2.36 

9 

25 

0.020 

0.091 

2.31 

9 

24 

0.023 

0.088 

2.24 

9 

23 

0.025 

0.086 

2.19 

9 

22 

0.028 

0.083 

2.11 

9 

21 

0.032 

0.079 

2.01 

9 

20 

0.035 

0.076 

1.93 

9 

19 

0.041 

0.070 

1.78 

js,     9 

18 

0.047 

0.064 

1.63 

-S  10 

17 

0.054 

0.057 

1.45 

29 

0.015 

0.085 

2.17 

5  10 

28 

0.016 

0.084 

2.13 

27 

0.017 

0.083 

2.11 

2  10 

26 

0.018 

0.082 

2.08 

s  w 

25 

0.020 

0.080 

2.03 

^  10 

24 

0.023 

0.077 

1.96 

S  10 

23 

0.025 

0.075 

1.90 

a  10 

22 

0.028 

0.072 

1.83 

10 

21 

0.032 

0.068 

1.73 

10 

20 

0.035 

0.065 

1.65 

10 

19 

0.041 

0.059 

1.50 

10 

18 

0.047 

0.053 

1.35 

10 

17 

0.054 

0.046 

1.17 

12 

30 

0.014 

0.069 

1.75 

12 

29 

0.015 

0.068 

1.73 

12 

28 

0.016 

0.067 

1.70 

12 

27 

0.017 

0.066 

1.68 

12 

26 

0.018 

0.065 

1.65 

12 

25 

0.020 

0.063 

1.60 

12 

24 

0.023 

0.060 

1.52 

12 

23 

0.025 

0.a58 

1.47 

12 

22 

O.OJS 

0.055 

1.40 

12 

21 

0.032 

0.051 

1.30 

12 

20 

0.035 

0.048 

1.22 

12 

19 

0.041 

0.042 

1.07 

14 

34 

0.010 

0.061 

1.56 

14 

33 

0.011 

0.060 

1.53 

14 

32 

0.013 

0.059 

1.48 

14 

31 

0.0135 

0.058 

1.47 

14 

30 

0.014 

0.057 

1.46 

14 

29 

0.015 

0.056 

1.43 

14 

28 

0.016 

0.055 

1.41 

14 

27 

0.017 

0.054 

1.38 

14 

26 

0.018 

0.053 

1.36 

14 

25 

0.020 

0.051 

1.31 

14 

24 

0.023 

0.048 

1.23 

14 

23 

0.025 

0.046 

1.18 

14 

22 

0.028 

0.043 

1.10 

14 

21 

0.032 

0.039 

1.00 

14 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
26 
26 
26 
26 


Wire. 

Space. 

ai 

II 

5.S 

a 

2  5 

i 

a> 

20 

0.035 

0.036 

0.92 

S 

35 

0.0095 

0.053 

1.35 

34 

0.010 

0.052 

1.33 

33 

0.011 

0.051 

1.31 

32 

0.013 

0.050 

1.26 

31 

0.0135 

0.049 

1.24 

30 

0.014 

0.048 

1.23 

29 

0.015 

0.047 

1.21 

28 

0.016 

0.046 

1.18 

27 

0.017 

0.045 

1.16 

26 

0.018 

0.044 

1.13 

25 

0.020 

0.042 

1.08 

pr 

24 

0.023 

0.039 

1.00 

23 

0.025 

0.037 

0.95 

22 

0.028 

0.034 

0.88 

s 

21 

0.032 

0.030 

0.77 

36 

0.009 

0.047 

1.18 

35 

0.0095 

0.046 

1.17 

34 

0.010 

0.045 

1.16 

33 

0.011 

0.044 

1.13 

32 

0.013 

0.043 

1.08 

31 

0.0135 

0.042 

1.07 

30 

0.014 

0.041 

1.05 

29 

0.015 

0.040 

1.03 

28 

0.016 

0.039 

1.00 

t 

27 

0.017 

0.038 

0.98 

26 

0.018 

0.037 

0.95 

25 

0.020 

0.035 

0.90 

P 

24 

0.023 

0.032 

0.82 

23 

0.025 

0.030 

0.77 

s 

22 

0.028 

0.027 

0.69 

35 

0.0095 

0.041 

1.03 

34 

0.010 

0.040 

1.02 

33 

0.011 

0.039 

0.99 

32 

0.013 

0.038 

0.94 

31 

0.0135 

0.037 

0.93 

30 

0.014 

0.036 

0.91 

29 

0.015 

0.035 

0.89 

28 

0.016 

0.034 

0.86 

27 

0.017 

0.033 

0.84 

26 

0.018 

0.032 

0.81 

25 

0.020 

0.030 

0.76 

p 

24 

0.023 

0.027 

0.69 

s 

23 

0.025 

0.025 

0.63 

35 

0.0095 

0.036 

0.91 

34 

0.010 

0.035 

0.89 

33 

0.011 

0.034 

0.86 

32 

0.013 

0.033 

0.84 

31 

0.0135 

0.032 

0.81 

30 

0.014 

0.031 

0.79 

f 

29 

0.015 

0.0:% 

0.76 

28 

0.016 

0.029 

0.74 

27 

0.017 

0.028 

0.71 

26 

0.018 

0.027 

0.69 

25 

0.020 

0.025 

0.64 

24 

0.023 

0.022 

0.56 

s 

36 

0.009 

0.033 

0.83 

35 

0.0095 

0.032 

0.82 

34 

0.010 

0.0.31 

0.80 

33 

0.011 

0.030 

0.78 

32 

0.013 

0.029 

0.73 

31 

0.0135 

0.028 

0.71 

30 

0.014 

0.027 

0.70 

t 

29 

0.015 

0.026 

0.68 

p 

28 

0.016 

0.025 

0.65     1     r 

27 

0.017 

0.024 

0.62 

26 

0.018 

0.023 

0.60 

s 

25 

0.020 

0.022 

0.55 

36 

0.009 

0.030 

0.75 

35 

0.0095 

0.029 

0.73 

34 

0.010 

0.028 

0.72 

33 

0.011 

0.027 

0.70 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  ^4".  etc.    j).  Nearest  size  to  punched 
screens,  Table  II.    s.  Brunton's  screens,    t.  Sizes  in  Table  I.    r,  Rittiuger's  screens. 
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Table  III, —  Concluded. 


Wire. 

Space. 

i 

a 
(4 

Wire. 

Space. 

S 

=« 

U    CO 

II 

i 

Si 
o 
c 

S3S 

if 

5.3 

a 

l-H 

i 
i 

Pi 

26 

32 

0.013 

0.026 

0.64 

50 

37 

0.0085 

0.0115 

0.29 

26 

31 

0.0135 

0.025 

0.63 

50 

36 

0.009 

0.011 

0.28 

26 

30 

0.014 

0.024 

0.62 

P 

50 

35 

0.0095 

0.0105 

0.27 

s 

26 

29 

0.015 

0.023 

0.59 

50 

34 

0.010 

0.010 

0.25 

rt 

26 

28 

0.016 

0.022 

0.57 

50 

33 

0.011 

0.009 

0.23 

26 

27 

0.017 

0.021 

0.54 

50 

32 

0.013 

0.007 

0.18 

26 

26 

0.018 

0.020 

0.52 

55 

38 

0.008 

0.010 

0.25 

28 

36 

0.009 

0.027 

0.68 

55 

37 

0.0085 

0.0095 

0.24 

28 

35 

0.0095 

0.026 

0.67 

55 

36 

0.009 

0.009 

0.23 

28 

34 

0.010 

0.025 

0.65 

55 

35 

0.0095 

0.0085 

0.22 

28 

33 

0.011 

0.024 

0.63 

55 

34 

O.OIO 

0.008 

0.20 

28 

32 

0.013 

0.023 

0.58 

60 

39 

0.0075 

0.009 

0.23 

28 

31 

0.0135 

0.022 

0.56 

60 

38 

0.008 

0.0085 

0.22 

28 

30 

0.014 

0.021 

0.55 

60 

37 

0.0085 

0.008 

0.20 

f 

28 

29 

0.015 

0.020 

0.53 

60 

36 

0.009 

0.0075 

0.19 

28 

28 

0.016 

0.019 

0.50 

60 

35 

0.0095 

0.007 

0.18 

30 

35 

0.0095 

0.02t 

0.60 

64 

40 

0.007 

0.0085 

0.22 

30 

34 

0.010 

0.023 

0.59 

64 

39 

0.0075 

0.008 

0.20 

d  30 

33 

0.011 

0.022 

0.57 

P 

fl-  64 

38 

0.008 

0.0075 

0.19 

§  30 
•S   30 

32 

0.013 

0.021 

0.52 

S  64 
•S  64 

37 

0.0085 

0.007 

0.18 

31 

0.0135 

0.020 

0..50 

pt 

36 

0.009 

0.0065 

0.17 

S  30 
5  30 

30 

0.014 

0.019 

0.49 

aj   70 
£  70 

40 

0.007 

0.007 

0.18 

29 

0.015 

0.018 

0.46 

39 

0.0075 

0.0065 

0.17 

t 

S.  30 

28 

0.016 

0.017 

0.44 

s 

o  70 

38 

0.008 

0.006 

0.15 

r 

M  30 

27 

0.017 

0.016 

0.41 

S  ''0 

37 

0.0085 

0.0055 

0.14 

a  35 

36 

0.009 

0.020 

0.50 

Z  70 

36 

0.009 

0.005 

0.13 

S  35 

35 

0.0095 

0.019 

0.48 

S  74 

41 

0.0066 

0.007 

0.18 

S  35 

34 

0.010 

0.018 

0.47 

P 

g  74 

40 

•  0.0070 

0.0065 

0.17 

35 

33 

0.011 

0.017 

0.44 

74 

39 

0.0075 

0.006 

0.15 

35 

32 

0.013 

0.016 

0.39 

f 

74 

38 

0.0080 

0.0055 

0.14 

35 

31 

0.0135 

0.015 

0.38 

r 

74 

37 

0.0085 

0.005 

0.13 

35 

30 

0.014 

0.014 

0.37 

80 

42 

0.0062 

0.0065 

0.16 

35 

29 

0.015 

0.013 

0.34 

80 

41 

0.0006 

0.006 

0.15 

40 

37 

0.0085 

0.0165 

0.42 

P 

80 

40 

0.0070 

0.00.55 

0.14 

40 

36 

0.009 

0.016 

0.41 

80 

39 

0.0075 

0.005 

0.13 

t 

40 

35 

0.0095 

0.0155 

0.39 

80 

38 

0.0080 

0.0045 

O.ll 

40 

34 

0.010 

0.015 

0.38 

P 

80 

37 

0.0085 

0.004 

0.10 

40 

33 

0.011 

0.014 

0.36 

pt 

90 

42 

0.0062 

0.005 

0.12 

40 

32 

0»013 

0.012 

0.30 

s 

90 

41 

0.0066 

0.0045 

0.11 

40 

31 

0.0135 

0.0115 

0.29 

90 

40 

0.0070 

0.004 

0.10 

f 

40 

30 

O.OH 

0.011 

0.28 

90 

39 

0.0075 

0.0035 

0.09 

45 

37 

0.0085 

0.014 

0.35 

90 

38 

0.0080 

0.003 

0.08 

45 

36 

0.009 

0.013 

0.33 

100 

42 

0.0062 

0.004 

0.10 

45 

35 

0.0095 

0.0125 

0.32 

100 

41 

0.0066 

0.0035 

0.09 

t 

45 

34 

0.010 

0.012 

0.30 

100 

40 

0.0070 

0.003 

0.08 

45 

33 

0.011 

0.011 

0.28 

^100 

39 

0.0075 

0.0025 

0.06 

t 

45 

32 

0.013 

0.009 

0.23 

/.  Nearest  approachi  to  sizes  of  graded  set,  1",  }4"<  W'  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    s.  Brnnton's  screens,    t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  IV. — Sizes  of  Wire  Screens  {itsually  brass)  of  the  Old 
English  or  London  Gauge. 


Wire. 

Space. 

0 

Wire. 

Space. 

d 

q3  S 

.d 

ll 

a 

•OS 

0^  u 

S  s 
cai-i 

5.S 

11 

a 

.A  2 

2 

.a 

■OS 

on 

5.2 

0.035 

di 

0 

s 

^a 

£ 
^ 
■y 
tf 

^3// 

0 

0.340 

2.66 

67.6 

3 

20 

0.298 

7.57 

3" 

00 

0.380 

2.62 

66.5 

r 

3 

19 

0.040 

0.293 

7.44 

3" 

000 

0.425 

2.57 

65.3 

t 

3 

18 

0.049 

0.284 

7.21 

2k" 

1 

0.300 

2.20 

55.8 

3 

17 

0.058 

0.275 

6.98 

0 

0.340 

2.16 

54.9 

3 

16 

0.065 

0.268 

6.81 

ly." 

00 

0.380 

2.12 

53.8 

1 

3 

15 

0.072 

0.261 

6.63 

2^" 

0 

0.3-10 

1.78 

45.2 

rt 

3 

14 

0.083 

0.250 

6.35 

f 

1V2" 

3 

0.259 

1.24 

31.5 

rt 

3 

13 

0.095 

0.238 

6.05 

ij^" 

2 

0.284 

1.22 

31.0 

r 

3 

12 

0.109 

0.224 

5.69 

i|l" 

1 

0.300 

1.20 

30.5 

3 

11 

0.120 

0.213 

5.41 

4 

0.238 

0.89 

22.8 

rt 

3 

10 

0.134 

0.199 

5.05 

1"® 

15 

0.072 

0.928 

23.6 

f 

3^ 

20 

0.035 

0.250 

6.35 

1" 

14 

0.083 

0.917 

23.3 

^'A 

19 

0.040 

0.245 

6.22 

1" 

13 

0.095 

0.905 

23.0 

3>| 

18 

0.049 

0.236 

5.99 

1" 

12 

0.109 

0.891 

22.6 

d 

9% 

17 

0.0.58 

0.227 

5.77 

1" 

11 

O.r.'O 

0.880 

22.3 

3K 

16 

0.065 

0.220 

5.59 

t 

1" 

10 

0.134 

0.866 

22.0 

3>| 

15 

0.072 

0.213 

5.41 

1" 

9 

0.148 

0.'-52 

21.6 

3% 
3>| 
3^ 
3^ 

14 

0.083 

0.202 

5.13 

r 

1" 

8 

0.165 

0.835 

21.2 

13 

0.095 

0.190 

4.83 

1" 

7 

0.180 

0.820 

2018 

12 

0.109 

0.176 

4.47 

fl"  1" 

6 

0.203 

0.797 

20.2 

11 

O.r.'O 

0.165 

4.19 

S  1" 

5 

0.220 

0.780 

19.8 

4 

21 

0.0315 

0.218 

5.54 

a  1' 

4 

0.1'38 

0.762 

19.3 

4 

20 

0.03.=. 

0.215 

5.46 

a,   1" 

3 

0.2.59 

0.741 

18.8 

4 

19 

0.040 

0.210 

5.33 

5  k" 

16 

0.065 

0.685 

17.4 

4 

18 

0.049 

0.201 

5.11 

d 

£  k" 

15 

0.072 

0.678 

17.2 

4 

17 

0.0.58 

0.192 

4.88 

14 

0.083 

0.667 

16.9 

4 

16 

0.065 

0.185 

4.70 

13 

0.095 

0.655 

16.6 

d 

4 

15 

0.072 

0.178 

4.52 

12 

0.109 

0.641 

16.3 

ji  4 

14 

0.083 

0.167 

4.24 

11 

0.120 

0.630 

16.0 

t 

.5  4 

13 

0.095 

0.155 

3.94 

t 

y4" 

10 

0.134 

0.616 

15.6 

12 

0.109 

0.141 

3.58 

^ , 

9 

0.148 

0.602 

15.3 

(U    4 

11 

O.lJO 

0.130 

3.30 

52'? 

8 

0.165 

0.585 

14.9 

5  4% 

21 

0.0315 

0.191 

4.85 

%', 

7 

0.180 

0..570 

14.5 

S  4J| 

20 

0.035 

0.187 

4.75 

% 

6 

0.203 

0.547 

13.9 

19 

0.040 

0.182 

4.62 

M.. 

5 

0.220 

0..530 

13.5 

.S  4}| 

18 

0.049 

0.173 

4.39 

94 

4 

0.238 

0.512 

13.0 

S   4>i 

17 

0.058 

0.1B4 

4.17 

f^ 

17 

0.058 

0.567 

14.4 

16 

0.065 

0.157 

3.99 

^ 

16 

0.065 

0.560 

14.2 

44 
4>l 
4}| 
4>l 

15 

0.072 

0.150 

3.81 

r 

^ 

15 

0.072 

0.553 

14.1 

14 

0.083 

0.139 

3.53 

9" 

14 

0.083 

0..542 

13.8 

13 

0.0!i5 

0.127 

3.23 

13 

0.095 

0.530 

13.5 

12 

0.109 

0.113 

2.87 

%" 

12 

0.109 

0.516 

13.1 

5 

24 

0.025 

0.175 

4.44 

P» 

11 

0.120 

0.505 

12.8 

f 

5 

23 

0.027 

0.173 

4.39 

p 

10 

0.131 

0.491 

12.5 

5 

22 

0.029.5 

0.170 

4.32 

9 

0.1^8 

0.477 

12.1 

5 

21 

0.0315 

0.168 

4.27 

K 

8 

0.165 

0.460 

11.7 

r 

5 

20 

0.035 

0.165 

4.19 

^ 

7 

0.180 

0.445 

11.3 

t 

5 

19 

0.040 

0.160 

4.06 

ll" 

6 

0.203 

0.422 

10.7 

5 

18 

0.049 

0.151 

3.84 

0 

0.220 

0.405 

10.3 

5 

17 

0.0.58 

0.142 

3.61 

^2* 

18 

0.049 

0.4.51 

11.46 

5 

16 

0.065 

0.135 

3.43 

2 

17 

0.1  i58 

0.442 

11.23 

5 

15 

0.072 

0.128 

3.25 

2 

16 

0.065 

0.435 

11.05 

d 

5 

14 

0.083 

0.117 

2.97 

2 

15 

0.072 

0.428 

10.87 

5 

13 

0.095 

0.105 

2.67 

2 

14 

0.083 

0.417 

10.59 

6 

25 

0.023 

0.143 

3.63 

2 

13 

0.095 

0.405 

10.29 

6 

24 

0.025 

0.141 

3.58 

J5    2 

12 

0.1U9 

0.391 

9.93 

6 

23 

0.027 

0.139 

3.53 

0  2 

11 

0.120 

0.380 

9.65 

6 

22 

0.02115 

0.137 

3.48 

«  2 

10 

0.134 

0.366 

9.30 

6 

21 

0.0315 

0.135 

3.43 

^  2 

9 

0.148 

0.352 

8.94 

6 

20 

0.035 

0.131 

3.33 

0  2 

8 

0.165 

0.335 

8.51 

6 

19 

O.OJO 

0.126 

3.20 

f 

5  2!^ 

19 

0.('40 

0.360 

9.14 

6 

18 

0.049 

0.117 

2.97 

£  2>^ 
1  2^2 

18 

0.049 

0.351 

8.92 

6 

17 

0.058 

0.108 

2.74 

17 

0.058 

0.342 

8.69 

6 

16 

0.065 

0-101 

2.57 

r 

OJ    '•^% 

16 

0.065 

0.3.35 

8.51 

6 

15 

0.072 

0.094 

2.39 

S  2% 

15 

0.072 

0.328 

8.33 

6 

14 

0.083 

0.083 

2.11 

2M 
23I 

14 

0.083 

0..317 

8.05 

t 

7 

26 

0.020^ 

0.122 

3.10 

13 

0.095 

0.305 

7.75 

7 

25 

0.0J3 

0.120 

3.05 

2J^ 

12 

0.109 

0.291 

7.39 

r 

7 

24 

0.025 

0.118 

3.00 

2>l 

11 

0.120 

0.280 

7.11 

7 

23 

0.027 

0.116 

2.95 

10 

0.134 

0.266 

6.76 

7 

22 

0.0295 

0.113 

2.87 

•-'^o 

9 

0.1-18 

0.252 

6.40 

7 

21 

0.0315 

0.111 

2,8-' 

t 

d.  r>e  Kill  b  screens.  /.  Nearest  approach  to  sizes  of  graded  set,  1".  }^",  ^",  etc.  A.  Rich- 
ards (Hutcliinsnn)  scieens.  p.  Nearest  size  to  punched  screens,  Table  II."  s.  Brunton's  screens 
t.  Sizes  in  Table  I.    r.  Kittinger's  screens. 


SCREENS    FOR    SIZING. 


277 


Table  IV. —  Continued. 


Wire.    1 

Space. 

o 

Wire. 

Space. 

a 

^1 

1 

.d 

1% 

o 

c 

IS 

it 

P.S 

S  1 
■c   ! 

o    1 

-    ! 

i^i  (i> 

S 

a"' 
Q.S 

.2 

'■'   7 

20 

0.035 

0.108 

2.74 

16 

32 

0.0112 

0.050 

1.27 

19 

0.040 

0.103 

2.62 

16 

31 

0.0122 

0.049 

1.25 

18 

0.049 

0.091 

2.39 

16 

30 

0.0137 

0.049 

1.24 

p 

17 

0.058 

0.085 

2.16 

16 

29 

0.0155 

0.O47 

1.19 

16 

0.065 

0.078 

1.98 

16 

28 

0.0165 

0.046 

1.17 

15 

0.072 

0.071 

1.80 

16 

27 

0.0187 

0.044 

1.12 

8 

27 

0.0187 

0.106 

2.69 

16 

26 

0.0205 

0.042 

1.07 

d 

8 

26 

0.0205 

0.104 

2.64 

16 

25 

0.0230 

0.0S9 

0.99 

rt 

8 

25 

0.023 

0.102 

2.. 59 

16 

24 

0.0250 

0.037 

0.94 

8 

24 

0.025 

0.100 

2.54 

16 

23 

0.0270 

0.035 

0.89 

8 

23 

0.027 

0.098 

2.49 

16 

22 

0.0295 

0.033 

0.84 

8 

22 

0.0295 

0.095  1 

2.41 

d 

16 

21 

0.0315 

0.031 

0.79 

8 

21 

0.0:U5 

0.093 

2.36 

18 

36 

0.0075 

0.048 

1.22 

8 

•20 

0.035 

0.090 

2.29 

18 

35 

0.0090 

0.046 

1.18 

8 

19 

0.040 

0.085  , 

2.16 

18 

34 

0.0095 

0.016 

1.17 

8 

18 

0.049 

0.076  ' 

1.93 

r 

18 

33 

0.0102 

0.045 

1.14 

8 

17 

0.0.58 

0.067 

1.70 

18 

32 

0.0112 

0.044 

1.12 

8 

16 

0.065 

O.OGO 

1.52 

18 

31 

0.0122 

0.043 

1.09 

9 

28 

0.0165 

0.095 

2.40 

18 

30 

0.0137 

0.042 

1.07 

P 

9 

27 

0.0187 

0.092 

2.35 

18 

29 

0.0155 

0.040 

1.04 

9 

26 

0.0205 

0.091 

2.30 

18 

28 

0.0165 

0.039 

0.99 

9 

25 

0.023 

0.088 

2.24 

18 

27 

0.0187 

0.037 

0.84 

9 

24 

0.025 

0.086 

2.19 

18 

26 

0.0205 

0.035 

0.89 

9 

2o 

0.027 

0.0K4 

2.14 

18 

25 

0.0230 

0.032 

0.81 

9 

22 

0.0295 

0.082 

2.07 

18 

24 

0.02.50 

0.030 

0.76 

9 

21 

0.0315 

0.080 

2.02 

t 

18 

23 

0.0270 

0.028 

0.71 

9 

20 

0.035 

0.076 

1.93 

18 

22 

0.0295 

0.026 

0.66 

9 

19 

0.040 

0.071 

1.81 

20 

36 

0.0075 

0.042 

1.07 

9 

18 

0.049 

0.062 

1..57 

f 

20 

35 

0.0090 

0.041 

1.04 

9 

17 

0.058 

0.053 

1.35 

20 

34 

0.0095 

0.040 

1.02 

10 

29 

0.0155 

0.084 

2.13 

20 

33 

0.0102 

0.040 

1.01 

d   10 

28 

0.0165 

0.083 

2.11 

A   20 

32 

0.0112 

0.039 

0.99 

§  10 

B  10 

27 

0.0187 

0.081 

2.06 

fl  20 
•9  20 

31 

0.0122 

0.038 

0.97 

26 

0.0205 

0.079 

2.00 

30 

0.0137 

0.036 

0.91 

2  10 
5  10 

25 

0.023 

0.077 

1.96 

2  20 
5  20 

29 

0.0155 

0.034 

0.86 

24 

0.025 

0.075 

1.90 

28 

0.0165 

0.033 

0.84 

d 

o  10 

23 

0.027 

0.073 

1.85 

d 

2  20 

27 

0.0187 

0.031 

0.79 

f 

X  10 

22 

0.0295 

0.070 

1.78 

M  20 

26 

0.0205 

0.029 

0.74 

5  10 

21 

0.0315 

0.068 

1.73 

A   20 

25 

0.0230 

0.027 

0.69 

S  10 

20 

0.035 

0.065 

1.65 

%   20 

24 

0.02.50 

0.025 

0.63 

S  10 

19 

0.040 

0.060 

1..52 

S  20 

23 

0.0270 

0.023 

0..58 

10 

18 

0.049 

0.0.51 

1.29 

20 

22 

0.0295 

0.020 

0.51 

12 

30 

0.0137 

0.070 

1.78 

20 

21 

0.0315 

0.019 

0.48 

12 

29 

0.0155 

0.068 

1.73 

20 

20 

0.0350 

0.015 

0.38 

12 

28 

0.0165 

0.067 

1.70 

22 

36 

0.0075 

0.038 

0.97 

12 

27 

0.0187 

0.065 

1.65 

22 

35 

0.0090 

0.036 

0.91 

12 

26 

0.0205 

0.063 

1.60 

22 

34 

0.0095 

0.036 

0.90 

12 

25 

0.023 

0.060 

l.,52 

22 

33 

0.0102 

0.035 

0.89 

P 

12 

24 

0.025 

0.0-58 

1.47 

pd 

22 

32 

0.0112 

0.034 

0.86 

12 

23 

0.0  !7 

0.0.56 

1.42 

t 

22 

31 

0.0122 

0.033 

0.84 

12 

22 

0.0295 

0.0.54 

1.37 

r 

22 

30 

0.0137 

0.031 

0.79 

12 

21 

0.0315 

0.0.52 

1.32 

22 

29 

0.01.55 

0.030 

0.76 

12 

20 

0.035 

0.048 

1.22 

22 

28 

0.0165 

0.029 

0.74 

12 

19 

0.0-10 

0.013 

1.09 

22 

27 

0.0187 

0.026 

0.66 

14 

34 

0.0095 

0.062 

1..57 

22 

26 

0.0205 

0.025 

0.64 

14 

33 

0.0102 

0.061 

1.55 

22 

25 

0.0230 

0.022 

0.56 

14 

32 

0.0112 

0.060 

1..52 

22 

24 

0.0250 

0.020 

0.51 

14 

31 

0.0122 

0.0,59 

1.50 

24 

36 

0.0075 

0.034 

0.86 

14 

30 

0.0137 

0.0.58 

1.47 

24 

35 

0.0090 

0.0.33 

0.83 

14 

29 

0.0155 

0.056 

1.42 

24 

34 

0.0095 

0.032 

0.81 

14 

28 

0.0165 

0.055 

1.40 

24 

33 

0.0102 

0.030 

1  0.76 

14 

27 

0.0187 

0.0.53 

1.35 

24 

32 

0.0112 

0.029 

0.74 

P 

14 

26 

0.0205 

0.0.51 

1.30 

24 

31 

0.0122 

0.028 

0.72 

14 

25 

0.0230 

0.048 

1.22 

24 

30 

0.0137 

0.02S 

0.71 

td 

14 

24 

0.02.50 

0.046 

1.17 

24 

29 

0.0155 

0.026 

0.66 

14 

23 

0.0270 

0.044 

1.12 

24 

28 

0.0165 

0.025 

0.63 

r 

14 

22 

0.0295 

0.042 

1.07 

24 

27 

0.0187 

0.023 

0.58 

14 

21 

0.0315 

0.040 

1.02 

24 

26 

0.0205 

0.021 

0..53 

14 

20 

0.03.50 

0.036 

0.91 

24 

25 

0.0230 

0.019 

0.48 

16 

a5 

0.0090 

0.0.53 

1.36 

26 

36 

0.0075 

0.031 

0.79 

16 

34 

0.0095 

0.0.53 

1.35 

26 

35 

0.0090 

0.029 

0.75 

16 

33 

0.0102 

0.0.51 

1.30 

26 

34 

0.0095 

0.029 

i  0.74 

d.  De  Kalb  screens.  /.  Nearest  approach  to  sizes  of  graded  set.  1"'  %",  ^".  etc.  h.  Richards 
(Hutchinson)  screens,  p.  Nearest  size  to  punched  screens,  Table  II.  s.  Brunton's  screens. 
t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  IV. — Concluded. 


Wire. 

Space. 

a 

O) 

P3 

Wire. 

Space. 

i 

■as 

■~  J-. 

c  c 

fi.S 

i 

-OS 

£.1    DQ 

■s-g 

(5.5 

"3 

'  2 

a. 
£ 

26 

33 

0.0102 

0.028 

0.71 

74 

40 

0.0045 

0.009 

0.23 

26 

32 

0.0112 

0.027 

0.69 

p 

74 

39 

0.0050 

0.008 

0.22 

26 

31 

0.0122 

0.026 

0.66 

74 

38 

0.0057 

0.008 

0.20 

26 

30 

0.0137 

0.025 

0.G3 

74 

37 

0.0065 

0.007 

0.18 

26 

29 

0.0155 

0.023 

0..58 

80 

41 

0.0042 

0.008 

0.21 

26 

28 

0.0165 

0.022 

0.56 

80 

40 

0.0045 

0.008 

0.20 

26 

27 

0.0187 

0.020 

0.51 

80 

39 

0.00.50 

0.007 

0.19 

26 

26 

0.0205 

0.0]^ 

0.46 

80 

38 

0.00.57 

0.007 

0.17 

tsd 

28 

36 

0.0075 

0.028 

0.71 

80 

37       0.00&5 

0.0060 

0.15 

28 

35 

0.0090 

0.028 

0.70 

90 

41       0.0042 

0.0068 

0.17 

28 

34 

0.0095 

0.026 

0.66 

90 

40 

0.0045 

0.0066 

0.16 

h 

28 

33 

0.0102 

0.025 

0.63 

90 

39 

0.0050 

0.0061 

0.15 

d 

28 

32 

0.0112 

0.024 

0.61 

p 

90 

38 

0.0057 

0.0054 

0.13 

t 

28 

31 

0.0122 

0.023 

0.58 

90 

37 

0.0005 

0.0046 

0.12 

28 

30 

0.0137 

0.022 

0.56 

100 

43 

0.a)36 

0.0064 

0.163 

28 

29 

0.0155 

0.020 

0.51 

100 

42 

0.0040 

0.0060 

0.152 

28 

28 

0.0165 

0.019 

0.48 

100 

41 

0.0042 

0.0057 

0.146 

30 

36 

0.0075 

0.026 

0.65 

100 

40 

0.0(M5 

0.0055 

0.140 

ds 

30 

35 

0.0090 

0.024 

0.61 

100 

39 

0.00-50 

0.0050 

0.127 

30 

34 

0.0095 

0.024 

0.60 

100 

38 

0.0057 

0.0042 

0.108 

30 

33 

0.0102 

0.023 

0.58 

110 

42 

0.0040 

0.00.51 

0.153 

30 

32 

0.0112 

0.022 

0.56 

p 

110 

41 

0.0042 

0.0049 

0.124 

h 

30 

31 

0.0122 

0.021 

0.53 

a 

120 

44 

0.0032 

0.00.51 

0.130 

30 

30 

0.0137 

0.020 

0.50 

tp 

120 

43 

0.003C) 

0.0047 

0.120 

30 

29 

0.0155 

0.018 

0.46 

120 

42 

0.0040 

0.0043 

0.109 

ds 

30 

28 

0.0165 

0.017 

0.43 

130 

44 

0.0032 

0.0045 

0.114 

35 

36 

0.0075 

0.021 

0.53 

130 

43 

0.00:^6 

0.0041 

0.104 

35 

35 

0.0090 

0.019 

0.50 

140 

45 

0.0028 

0.0043 

0.110 

35 

34 

0.0095 

0.019 

0.48 

140 

44 

0.0032 

0.0039 

0.100 

f 

35 

33 

0.0102 

0.018 

0.46 

p 

150 

46 

0.0024 

0.0042 

0.107 

35 

32 

0.0112 

0.017 

0.43 

150 

45 

0.0028 

0.0038 

0.097 

■g  35 

31 

0.0122 

0.016 

0.41 

rp 

\a  1-50 

44J^ 

0.0030 

0.0036 

0.091 

d 

30 

0.0137 

0.014 

0.35 

,■§  150 

44 

0.0032 

0.0034 

0.086 

t 

.S  35 

29 

0.0155 

0.013 

0.33 

is  150 

43 

0.00:iG 

0.0030 

0.076 

«  40 

36 

0.0075 

0.017 

0.44 

a   150 

42 

0.0040 

0.0026 

0.066 

■B  40 

35 

0.0090 

0.016 

0.41 

5  160 

45>^ 

0.0026 

0.0036 

0.091 

o  40 

34 

0.0095 

0.015 

0.39 

P 

lo  160 

45 

0.0028 

0.0034 

0.086 

«  40 

33 

0.0102 

0.015 

0.37 

fdh 

k^  160 

J4K 

0.0030 

0.00S2 

0.081 

S  40 

32 

0.0112 

0.014 

o.a5 

t 

a  160 

44 

0.0032 

0.0030 

0.076 

•S  40 

31 

0.0122 

0.013 

0.32 

•S   160 

43 

0.0036 

0.0026 

0.066 

t 

§  40 
^  45 

30 

0.0137 

0.011 

0.28 

^  160 
^  170 

42 

0.0040 

0.0022 

0.056 

36 

0.0075 

0.015 

0.37 

4.5J^ 

0.00-'6 

0.0033 

0.084 

45 

35 

0.0090 

0.013 

0.33 

170 

45 

0.0028 

0.0031 

0.079 

45 

34 

0.0095 

0.013 

0.32 

170 

44)^ 

0.0030 

0.0029 

0.074 

45 

33 

0.0102 

0.012 

0.30 

170 

44 

0.00S2 

0.0027 

0.069 

45 

32 

0.0112 

0.011 

0.28 

170 

43 

0.003(: 

0.0023 

0.058 

45 

31 

0.0122 

0.010 

0.25 

170 

42 

0.0040 

0.0019 

0.048 

50 

38 

0.0057 

0.01-1 

0.36 

180 

46>, 

0.0022 

0.0033 

0.084 

50 

37 

0.0065 

0.013 

0.34 

p 

180 

46 

0.0024 

0.0031 

0.079 

•      50 

36 

0.0075 

0.012 

0.32 

180  • 

453^ 

0.002(3 

0.0029 

0.074 

h 

50 

35 

0.0090 

0.011 

0.28 

sd 

180 

45 

0. 00-^8 

0.0027 

0.069 

50 

34 

0.0095 

0.010 

0.27 

rh 

180 

44K 

0.0030 

0.0025 

0.063 

55 

38 

0.0057 

0.012 

0.31 

180 

44 

0.00,32 

0.0023 

0.058 

55 

37 

0.00&5 

0.012 

0.30 

180 

43 

0.0036 

0.0019 

0.048 

t 

55 

36 

0.0075 

0.011 

0.27 

180 

42 

0.0040 

0.0015 

0.038 

55 

36 

0.0090 

0.009 

0.23 

t 

190 

47 

0.0020 

0.00.32 

0.081 

55 

34 

0.0095 

0.009 

0.22 

190 

463^ 

0.0022 

0.0030 

0.076 

60 

38 

0.00.57 

0.011 

0.28 

190 

46 

0.0024 

0.(X)28 

0.071 

60 

37 

0.0065 

0.010 

0.26 

190 

453^ 

0.0026 

0.0026 

0.066 

60 

36 

0.0075 

0.009 

0.23 

d 

190 

45 

0.002S 

0.0024 

0.061 

60 

35 

0.0090 

o.oas 

0.19 

f 

190 

443^ 

0.0030 

0.0022 

0.056 

60 

34 

0.0095 

0.007 

0.18 

s 

190 

44 

0.0032 

0.0020 

0.051 

64 

39 

0.0050 

0.011 

0.27 

190 

43 

0.0036 

0.0016 

0.041 

64 

38 

0.0ft57 

0.010 

0.25 

190 

42 

0.0040 

0.0012 

0.030 

t 

64 

37 

0.0065 

0.009 

0.23 

200 

47 

0.0020 

0.0030 

0.076 

64 

36 

0.0075 

0.008 

0.21 

200 

463^ 

0.0022 

0.002S 

0.071 

64 

35 

0.0090 

0.007 

0.17 

200 

46 

0.0024 

0.0026 

0.066 

70 

40 

0.0045 

0.010 

0.25 

200 

45}^ 

0.002(5 

0.0024 

0.061 

70 

39 

0.0050 

0.009 

0.23 

200 

45 

0.0028 

0.0022 

0.0.56 

70 

38 

0.0057 

0.008 

0.21 

r 

200 

44% 

0.0030 

0.0020 

0.051 

f 

70 

37 

0.0065 

0.008 

0.20 

d 

200 

44 

0.0032 

0.0018 

0.046 

70 

36 

0.0075 

0.007 

0.17 

200 

43 

0.0036 

0.0014 

0-036 

74 

41 

0.0042 

0.009 

0.24 

.^200 

42 

0.0040 

0.0010 

0.025 

t 

d.  De  Kalb  screens.  /.  Nearest  approach  to  sizes  of  graded  set.  1",  3^",  34".  etc.  h.  Richards 
(Hutchinson)  screens  p.  Nearest  size  to  punched  screens,  Table  II.  s.  Brunton's  screens. 
t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  V. — Sizes  of  Wire  Screens  {inostbj  of  brass  in  the  coarse 
sizes)  of  the  Birmingham  (or  Stub's)  Gauge. 


Wire. 

Space. 

Wire. 

Space. 

m  0) 

<o  0 

i 

*->  (-? 

a 

A 

S3 

w 
^ 

01 

si 

a; 

-s 

II 

S   ■ 
si 

•AS 

s 

o 

cji-i 

5.S 

o 
C 

h-t 

67.6 

3 

0 
20 

S.3 

u 

C 

H-l 

^a 

'-^  3" 

0 

0.340 

2.66 

0.035 

0.298 

7.57 

3" 

00 

0.380 

2.62 

66.5 

r 

3 

19 

0.042 

0.291 

7.39 

3" 

000 

0.425 

2.57 

65.3 

t 

3 

18 

0.049 

0.284 

7.21 

2X" 

1 

0.300 

2.20 

.55.9 

3 

17 

0.058 

0.275 

6.98 

ly-i' 

0 

0.340 

2.16 

54.9 

3 

16 

0.065 

0.268 

6.81 

2i|'' 

2k" 

00 

0.380 

2.12 

53.8 

f 

3 

15 

0.072 

0.261 

6.63 

0 

0.340 

1.78 

45.2 

rt 

3 

14 

■   0.083 

0.250 

6.35 

IK" 
1^" 

3 

0.259 

1.24 

31.5 

t 

3 

13 

0.095 

0.238 

6.05 

2 

0.284 

1.22 

31.0 

r 

3 

12 

0.109 

0.224 

5.69 

IK" 
1%" 

1 

0..300 

1.20 

30.5 

3 

11 

0.120 

0.213 

5.41 

4 

0.238 

0.887 

22.5 

rt 

3 

10 

0.134 

0.199 

5.05 

1^' 

15 

0.072 

0.928 

23.6 

f 

3K 

20 

0.035 

0.250 

6.35 

1" 

14 

0.083 

0.917 

23.3 

3K 

19 

0.042 

0.243 

6.17 

1" 

13 

0.095 

0.905 

23.0 

3K 
3>| 

18 

0.049 

0.236 

5.99 

1" 

12 

0.109 

0.891 

22.6 

17 

0.0.58 

0.227 

5.77 

1" 

11 

0.120 

0.880 

22.3 

3K 

16 

0.065 

0.220 

5.59 

t 

1" 

10 

0.134 

0.866 

22.0 

3K 

15 

0.072 

0.213 

5.41 

1" 

9 

0.148 

0.852 

21.6 

3!^ 

14 

0.083 

0.202 

5.13 

r 

A  1" 

8 

0.165 

0.835 

21.2 

3K 

13 

0.095 

0.190 

4.83 

S  1" 

7 

0.180 

0.820 

20.8 

3>| 

12 

0.109 

0.176 

4.48 

a  1" 

G 

0.203 

0.797 

20.2 

3!| 

11 

0.120 

0.165 

4.19 

CD    1" 

5 

0.220 

0.780 

19.8 

4 

21 

0.032 

0.218 

5.54 

5  1" 

4 

0.238 

0.762 

19.3 

4 

20 

0.035 

0.215 

5.46 

o  1" 

3 

0.259 

0.741 

18.8 

4 

19 

0.0J2 

0.208 

5.28 

"  |4" 
s  k" 

16 

0.065 

0.685 

17.4 

4 

18 

0.049 

0.201 

5.11 

15 

0.072 

0.678 

17.2 

4 

17 

0.058 

0.192 

4.88 

•o   %" 

14 

0.083 

0.667 

16.9 

4 

16 

0.065 

0.185 

4.70 

. 

0    ^" 

13 

0.095 

0.655 

16.6 

4 

15 

0.072 

0.178 

4.52 

%" 

12 

0.109 

0.641 

16.3 

4 

14 

0.083 

0.167 

4.24 

11 

0.120 

0.630 

16.0 

t 

4 

13 

0.095 

0.155 

3.94 

?l" 

10 

0.134 

0.616 

15.6 

i\ 

12 

0.109 

0.141 

3.58 

54" 

9 

0.148 

0.602 

15.3 

11 

0.120 

0.130 

3.29 

p;; 

8 

0.165 

0..585 

14.9 

•S  41^ 

21 

0.032 

0.190 

4.83 

1' 

7 

O.ISO 

0..570 

14.5 

2  4K 

20 

0.035 

0.187 

4.75 

0 

0.203 

0.547 

13.9 

5  ^y. 

0  4>| 

19 

0.042 

0.180 

4.57 

5 

0.220 

0..530 

13.5 

18 

0.049 

0.173 

4.39 

%" 

4 

0.238 

0.512 

13.0 

^  ^y2 

17 

0.058 

0.164 

4.17 

17 

0.058 

0.567 

14.4 

2  4K 

16 

0.065 

0.1n7 

3.99 

t 

4'' 

16 

0.065 

0.560 

14.2 

15 

0.072 

0.150 

3.81 

r 

%" 

15 

0.072 

0.553 

14.0 

14 

0.083 

0.139 

3.53 

Vs" 

14 

0.083 

0.542 

13.8 

13 

0.095 

0.127 

3.23 

Vs" 

%" 

13 

0.095 

0.530 

13.5 

12 

0.109 

0.113 

2.84 

12 

0.109 

0.516 

13.1 

5 

24 

0.022 

0.178 

4.52 

%" 

11 

0.120 

0.505 

12.8 

f 

5 

23 

0.025 

0.175 

4.44 

Ys" 

10 

0.134 

0.491 

12.5 

5 

22 

0.028 

0.172 

4.37 

%" 

9 

0.148 

0.477 

12.1 

5 

21 

0.032 

0.168 

4.27 

%" 

8 

0.165 

0.460 

11.7 

r 

5 

20 

0.035 

0.165 

4.19 

%" 

7 

0.180 

0.445 

11.3 

t 

5 

19 

0.042 

0.1.58 

4.01 

-8" 

6 

0.203 

0.422 

10.7 

5 

18 

0.049 

0.151 

3.84 

5 

0.220 

0.405 

10.3 

5 

17 

0.058 

0.142 

3.61 

^~^2 

18 

0.049 

0.451 

11.5 

5 

16 

0.065 

0.135 

3.43 

2 

17 

0.058 

0.442 

11.2 

5 

15 

0.072 

0.128 

3.24 

2 

16 

0.065 

0.435 

11.0 

5 

14 

0.083 

0.117 

2.97 

2 

15 

0.072 

0.428 

10.9 

5 

13 

0.095 

0.105 

2.67 

2 

14 

0.083 

0.417 

10.6 

6 

25 

0.020 

0.146 

3.71 

2 

13 

0.095 

0.405 

10.3 

6 

24 

0.022 

0.144 

3.66 

j:  2 

12 

0.109 

0.391 

9.93 

6 

23 

0.025 

0.141 

3.58 

a  ^ 

11 

0.120 

0.380 

9.65 

6 

22 

0.028 

0.138 

3.51 

•H    9 

10 

0.134 

0.366 

9.30 

6 

21 

0.032 

0.134 

3.40 

5  2 

9 

0.148 

0.352 

8.94 

6 

20 

0.035 

0.131 

3.33 

5  2 

8 

0.165 

0.335 

8.51 

6 

19 

0.042 

0.124 

3.15 

f 

2  2^ 

19 

0.042 

0.358 

9.09 

6 

18 

0.049 

0.117 

2.97 

S  21^ 

18 

0.019 

0.351 

8.92 

6 

17 

0.058 

0.108 

2.74 

1 2^ 

17 

0.058 

0.342 

8.69 

6 

16 

0.065 

0.101 

2.57 

r 

Q?    2/2 

16 

0.065 

0.335 

8.51 

6 

15 

0.072 

0.094 

2.39 

g  2'4 

15 

0.072 

0.328 

8.33 

6 

14 

0.083 

0.083 

2.11 

2K 
2K 

14 

0.083 

0.317 

8.05 

t 

7 

26 

0.018 

0.125 

3.17 

13 

0.095 

0.305 

7.75 

7 

25 

0.020 

0.123 

3.12 

2K 

12 

0.109 

0.291 

7.39 

r 

7 

24 

0.022 

0.121 

3.07 

2K 
2>l 
2K 

11 

0.120 

0.280 

7.11 

7 

23 

0.025 

0.118 

3.00 

10 

0.134 

0.266 

6.76 

7 

22 

0.028 

0.115 

2.92 

9 

0.148 

0.252 

6.40 

7 

21 

0.032 

0.111 

2.82 

t 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  %",  %",  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table  I.    r.  Riltinger's  screens. 
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Table  Y. — Continued. 


Wire. 

Space. 

Wire. 

Space. 

i 

o 

II 

is 

i 

CO 

o 

03>-l 

S.E 

o 

a 

7 

20 

0.035 

0.108 

2.74 

16 

23 

0.025 

0.037 

0.94 

7 

19 

0.042 

0.101 

2.57 

16 

22 

0.028 

0.034 

0.86 

7 

IS 

0.049 

0.094 

2.32 

16 

21 

0.032 

0.030 

0.76 

7 

17 

0.0.5S 

0.085 

2.16 

16 

20 

0.035 

0.0-27 

0.69 

7 

16 

0.0&5 

0.078 

1.98 

18 

31 

0.010 

0.045 

1.14 

7 

15 

0.072 

0.071 

1.80 

18 

30 

0.012 

0.043 

1.09 

8 

27 

0.016 

0.109 

2.77 

18 

29 

0.013 

0.042 

1.07 

8 

26 

0.018 

0.107 

2.72 

18 

28 

0.014 

0.041 

1.04 

8 

25 

0.0-20 

0.105 

2.67 

18 

27 

0.016 

0.039 

0.99 

8 

24 

0.022 

0.103 

2.62 

18 

26 

0.018 

0.0.37 

0.94 

8 

23 

0.025 

0.100 

2.54 

18 

25 

0.0-20 

0.035 

0.89 

8 

22 

0.0-28 

0.097 

2.46 

18 

24 

0.0-22 

0.033 

0.84 

8 

21 

0.032 

0.093 

2.36 

18 

23 

0.025 

0.030 

0.76 

8 

20 

0.035 

0.090 

2.29 

18 

22 

0.028 

0.027 

0.69 

8 

19 

0.042 

0.083 

2.11 

18 

21 

0.032 

0.023 

0.58 

8 

18 

0.049 

0.076 

1.93 

r 

20 

32 

0.009 

0.041 

1.04 

8 

17 

0.058 

0.067 

1.70 

20 

31 

0.010 

0.040 

1.01 

8 

16 

0.065 

0.060 

1.52 

20 

30 

0.012 

0.038 

0.96 

9 

28 

0.014 

0.097 

2.46 

20 

29 

0.013 

0.037 

0.94 

9 

27 

0.016 

0.095 

2.41 

20 

28 

0.014 

0.036 

0.91 

9 

26 

0.018 

0.093 

2.36 

20 

27 

0.016 

0.034 

0.86 

9 

25 

0.020 

0.091 

2.31 

20 

26 

0.018 

0.032 

0.81 

9 

24 

0.022 

0.089 

2.27 

20 

25 

0.0-20 

0.030 

0.76 

9 

23 

0.0-25 

0.086 

2.18 

20 

24 

0.0-22 

0.0-28 

0.71 

9 

22 

0.0-28 

0.083 

2.11 

20 

23 

0.025 

0.025 

0.63 

9 

21 

0.032 

0.079 

2.01 

t 

20 

22 

0.028 

0.0-22 

0.56 

9 

20 

0.035 

0.076 

1.93 

22 

32 

0.009 

0.036 

0.91 

9 

19 

0.042 

0.069 

1.75 

22 

31 

0.010 

0.035 

0.89 

P 

9 

18 

0.049 

0.062 

1.57 

22 

30 

0.012 

0.033 

0.84 

9 

17 

0.0-58 

0.053 

1.35 

22 

29 

0.013 

0.032 

0.81 

^  10 

29 

0.013 

0.087 

2.21 

.  22 

28 

0.014 

0.031 

0.79 

f 

§  10 

•S  10 

28 

0.014 

0.086 

2.18 

•S  22 

27 

0.016 

0.0-29 

0.74 

27 

0.016 

0.084 

2.13 

cl  22 

26 

0.018 

0.027 

0.69 

5  10 

26 

0.018 

0.082 

2.08 

«  22 

25 

0.020 

0.025 

0.64 

25 

0.020 

0.080 

2.03 

-S  22 

24 

0.022 

0.0-23 

0.58 

2  10 

24 

0.0-22 

0.078 

1.98 

-  22 
°  24 

23 

0.025 

0.020 

0.51 

S  10 

23 

0.0-25 

0.075 

1.90 

34 

0.007 

0.035 

0.89 

5  10 

22 

0.0-28 

0.072 

1.83 

S  24 

33 

0.008 

0.034 

0.86 

2  10 

21 

0.032 

0.068 

1.73 

•S  24 

32 

0.009 

0.033 

0.84 

a  10 

20 

0.035 

0.065 

1.65 

f 

S  24 

31 

0.010 

0.032 

0.81 

10 

19 

0.042 

0.0.58 

1.47 

S  24 

30 

0.012 

0.030 

0.76 

10 

18 

0.049 

0.051 

1.30 

24 

29 

0.013 

0.0-29 

0.74 

12 

30 

0.012 

0.071 

1.80 

24 

28 

0.014 

0.0-28 

0.71 

rt 

12 

29 

0.013 

0.070 

1.78 

24 

27 

0.016 

0.0-26 

0.66 

12 

28 

0.014 

0.069 

1.75 

24 

26 

0.018 

0.023 

0.61 

12 

27 

0.016 

0.067 

1.70 

24 

25 

0.020 

0.022 

0.56 

12 

26 

0.018 

0.065 

1.65 

24 

24 

0.022 

0.020 

0.51 

12 

25 

0.020 

0.063 

1.60 

24 

23 

0.025 

0.017 

0.43 

12 

24 

0.022 

0.061 

1.55 

26 

34 

0.007 

0.031 

0.79 

12 

23 

0.0-25 

0.0.58 

1.47 

P 

26 

33 

0.008 

0.030 

0.76 

12 

22 

0.0-28 

0.055 

1.40 

rt 

26 

32 

0.009 

0.029 

0.74 

P 

12 

21 

0.032 

0.051 

1.30 

26 

31 

0.010 

0.028 

0.71 

12 

20 

0.035 

0.048 

1.22 

26 

30 

0.012 

0.026 

0.66 

12 

19 

0.042 

0.041 

1.04 

26 

29 

0.013 

0.025 

0.63 

14 

30 

0.012 

0.059 

1.50 

26 

28 

0.014 

0.024 

0.61 

14 

29 

0.013 

0.0.58 

1.47 

26 

27 

0.016 

0.022 

0.-56 

14 

28 

0.014 

0.0.57 

1.45 

26 

26 

0.018 

0.020 

0.51 

14 

27 

0.016 

0.0-55 

1.40 

26 

25 

0.0-20 

0.018 

0.46 

14 

26 

0.018 

0.0.53 

1.35 

26 

24 

0.0-22 

0.016 

0.41 

14 

25 

0.020 

0.0-51 

1.30 

28 

34 

0.007 

0.029 

0.73 

14 

24 

0.0-22 

0.049 

1.24 

p 

28 

33 

0.008 

0.028 

0.71 

14 

23 

0.0-25 

0.046 

1.17 

28 

32 

0.009 

0.027 

0.68 

P 

14 

22 

0.0-28 

0.044 

1.12 

28 

31 

0.010 

0.026 

0.66 

14 

21 

0.032 

0.039 

0.99 

28 

30 

0.012 

0.0-24 

0.61 

14 

20 

0.03G 

0.036 

0.91 

28 

29 

0.013 

0.023 

0.58 

16 

30 

0.012 

0.0-50 

1.27 

28 

28 

0.014 

0.0-22 

0.56 

16 

29 

0.013 

0.049 

1.24 

28 

27 

0.016 

0.020 

0.-51 

16 

28 

0.014 

0.048 

1.22 

28 

26 

0.018 

0.018 

0.46 

16 

27 

0.016 

0.046 

1.17 

28 

25 

0.0-20 

0.016 

0.41 

16 

26 

0.018 

0.044 

1.12 

30 

34 

0.007 

0.026 

0.66 

16 

25 

0.020 

0.042 

1.07 

rp 

30 

33 

O.OOS 

0.025 

0.63 

16 

24 

0.0-22 

0.040 

1.02 

t 

30 

32 

1    0.009 

0.0-24 

0.61 

P 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  Ji".  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    ^  Sizes  in  Table  I.    r.  Rittluger's  screens. 
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Table  V. — Concluded. 


Wire. 

Space. 

0) 

u 

a 
« 

p 

A 
a 

s 

Wire. 

Space. 

: 

CO 

o 
W 

"S-g 

a  a 

S.S 

o 

a 

CO 

o 
M 

Diameter 
in  Inches. 

03 

ja 
o 

1— 1 

30 

31 

0.010 

0.023 

0.58 

55 

31 

0.010 

0.008 

0.20 

30 

30 

0.012 

0.021 

0..53 

55 

30 

0.012 

0.006 

0.15 

30 

29 

0.013 

0.020 

0.51 

tp 

60 

34 

0.007 

0.010 

0.25 

30 

28 

0.014 

0.019 

0.48 

60 

33 

0.008 

0.009 

0.23 

30 

27 

0.016 

0.017 

0.43 

60 

32 

0.009 

0.008 

0.20 

f 

30 

26 

0.018 

0.015 

0.38 

60 

31 

0.010 

0.007 

0.18 

30 

25 

0.020 

0.013 

0.33 

60 

30 

0.012 

0.005 

0.13 

35 

34 

0.007 

0.021 

0.53 

64 

34 

0.007 

0.009 

0.23 

35 

33 

0.008 

0.020 

0.51 

64 

33 

0.008 

0.008 

0.20 

36 

32 

0.009 

0.019 

0.48 

64 

32 

0.009 

0.007 

0.18 

t 

35 

31 

0.010 

0.018 

0.46 

rp 

64 

31 

0.010 

0.006 

0.15 

, 

35 

30 

0.012 

0.016 

0.41 

F 

64 

30 

0.012 

0.004 

0.10 

.  35 

29 

0.013 

0.015 

0.38 

70 

35 

0.005 

0.009 

0.23 

•g  35 

28 

0.014 

0.014 

0.35 

.d  70 

34 

0.007 

0.007 

0.18 

a  35 

27 

0.016 

0.012 

0.30 

C   70 

33 

0.008 

0.006 

0.15 

'Z  35 

26 

0.018 

0.010 

0.25 

■S   70 

32 

0.009 

0.005 

0.13 

5  40 

34 

0.007 

0.018 

0.46 

A  70 

31 

0.010 

0.004 

0.10 

o  40 

33 

0.008 

0.017 

0.43 

5  74 

35 

0.005 

0.008 

0.20 

^  40 

32 

0.009 

0.016 

0.41 

2.  74 

34 

0.007 

0.006 

0.15 

S  40 

31 

0.010 

0.015 

0.38 

p 

S  74 

33 

0.008 

0.005 

0.13 

t 

•S  40 

30 

0.012 

0.013 

0..33 

t 

J5  74 

32 

0.009 

0.004 

0.10 

£  40 
^  40 

29 

0.013 

0.012 

0.30 

£  74 

31 

0.010 

0.003 

0.08 

28 

0.014 

0.011 

0.28 

§  80 

36 

0.004 

0.008 

0.20 

45 

34 

0.007 

0.015 

•    0..38 

80 

35 

0.005 

0.007 

0.18 

45 

33 

0.008 

0.014 

0.35 

p 

80 

34 

0.007 

o.a)5 

0.13 

45 

32 

0.009 

0.013 

0.33 

80 

33 

0.008 

0.004 

0.10 

45 

31 

0.010 

0.012 

0.30 

80 

32 

0.009 

0.003 

0.08 

45 

30 

0.012 

0.010 

0.25 

90 

36 

0.004 

0.007 

0.18 

45 

29 

0.013 

0.009 

0.23 

90 

35 

0.005 

0.006 

0.15 

50 

34 

0.007 

0.013 

0.33 

r 

90 

34 

0.007 

0.004 

0.10 

f 

50 

33 

0.008 

0.012 

0.30 

90 

33 

0.008 

0.003 

0.08 

50 

32 

0.009 

0.011 

0.28 

90 

32 

0.009 

0.002 

0.05 

50 

31 

0.010 

0.010 

0.25 

t 

100 

36 

0.004 

0.006 

0.15 

50 

30 

0.012 

0.008 

0.20 

100 

35 

0.005 

0.005 

0.13 

55 

34 

0.007 

0.011 

0.28 

100 

34 

0.007 

0.003 

0.08 

t 

55 

33 

0.008 

0.010 

0.25 

^100 

33 

0.008 

0.002 

0.05 

55 

32 

0.009 

0.009 

0.23 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  3^",  %",  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  VI. — Sizes  of  Wire  Screens  {usually  copper)  of  the  American 
{or  Brown  ^  Shari^e)  Gauge. 


Wire. 

Space. 

C 

Wire. 

Space. 

1 

'So 

5.S 

o5 

(U 

n 

1)  0) 

0.09()7 

a> 
£5 

0) 

u 
a 

-^3" 

0 

0.3248 

2.67 

68.0 

2?^ 

2k 

11 

0.309 

7.85 

3" 

00 

0.3648 

2.63 

66.8 

r 

10 

0.1018 

0.298 

7.57 

3" 

000 

0.4096 

2.59 

65.8 

t 

23l 

9 

0.1144 

0.286 

7.26 

2%" 

1 

0.2893 

2.21 

56.1 

2>^ 

8 

0.1284 

0.272 

6.91 

2>|" 

0 

0.3248 

2.17 

55.2 

3 

20 

0.0319 

0.301 

7.65 

2j|" 

00 

0.3648 

2.13 

54.2 

f 

3 

19 

0.0358 

0.297 

7.54 

2^" 

0 

0.3248 

1.80 

45.7 

rt 

3 

18 

0.0403 

0.293 

7.44 

1>I" 

3 

0.2294 

1.27 

32.3 

t 

3 

17 

0.0452 

0.288 

7.32 

ip;; 

2 

0.2576 

1.24 

31.5 

r 

3 

16 

0.0.5U8 

0.282 

7.16 

i 

0.2893 

1.21 

30.7 

3 

15 

0.0.570 

0.276 

7.01 

4 

0.2043 

0.92 

23.4 

rt 

3 

14 

0.0640 

0.269 

6.83 

15 

0.0570 

0.943 

23.9 

f 

3 

13 

0.0719 

0.261 

6.63 

14 

0.0640 

0.936 

23.8 

3 

12 

0.0808 

0.252 

6.40 

t 

13 

0.0719 

0.928 

23.6 

3 

11 

0.0907 

0.243 

6.17 

12 

0.0808 

0.919 

23.3 

3 

10 

0.1018 

0.281 

5.87 

11 

0.0907 

0.909 

23.1 

3 

9 

0.1144 

0.220 

5.59 

10 

0.1018 

0.898 

22.8 

3 

8 

0.1284 

0.205 

5.21 

9 

0.1144 

0.886 

22.5 

3}^ 
3K 

21 

0.0284 

0.257 

6.53 

8 

0.1284 

0.872 

22.1 

20 

0.0319 

0.254 

6.45 

7 

0.1442 

0.856 

21.7 

19 

0.0358 

0.250 

6.35 

J3    j;> 

G 

0.1620 

0.838 

21.3 

3>i 

18 

0.04(13 

0.244 

6.20 

0)    1// 

5 

0.1819 

0.818 

20.8 

3>^ 
3il 
3>| 

33I 

17    . 

0.04.52 

0.239 

6.07 

4 

0.2043 

0.796 

20.2 

16 

0.05(18 

0.235 

5.97 

3 

0.2294 

0.771 

19.6 

15 

0.0570 

0.229 

5.82 

2  ^" 

16 

0.0508 

0.699 

17.7 

14 

0.0640 

0.222 

5.64 

rt 

15 

0.0570 

0.693 

17.6 

13 

0.0719 

0.'.'13 

5.41 

S  li" 

14 

0.0641 

0.686 

17.4 

3^ 

12 

0.0808 

0.205 

5.20 

•«  i" 

13 

0.0719 

0.678 

17.2 

3K 

11 

0.0907 

0.195 

4.95 

1;; 

12 

0.0808 

0.669 

17.0 

4 

22 

0.02.53 

0.225 

5.71 

11 

0.0907 

0.659 

16.7 

4 

21 

0.0284 

0.222 

5.64 

10 

0.1018 

0.648 

16.5 

4 

20 

0.0319 

0.218 

5.54 

9 

0.1144 

0.636 

16.1 

t 

fl  4 

19 

0.03.58 

0.214 

5.44 

#' 

8 

0.1284 

0.622 

15.8 

C  4 

18 

0.04(13 

0.210 

5.33 

il" 

7 

0.1442 

0.606 

15.4 

.S  4 

17 

0.04.52 

0.207 

5.26 

^'' 

0 

0.1620 

0.588 

14.9 

51 

16 

0.0.508 

0.199 

5.05 

5 

0.1819 

0.568 

14.4 

15 

0.0570 

0.193 

4.90 

4 

0.2043 

0.546 

13.9 

0  4 

14 

0.0640 

0.186 

4.72 

17 

0.0452 

0.580 

14.7 

S  4 

13 

0.0719 

0.178 

4.52 

16 

0.0508 

0.574 

14.5 

.a  4 

12 

0.0808 

0.169 

4.29 

15 

0.0570 

0.568 

14.4 

S  4 

11 

0.0907 

0.159 

4.04 

14 

0.0640 

0.561 

14.2 

S  4 

10 

0.1018 

0.148 

3.76 

13 

0.0719 

0.553 

14.0 

4^ 

9 

0.1144 

0.136 

3.45 

12 

0.0808 

0.544 

13.8 

23 

0.0225 

0.200 

5.08 

11 

0.0907 

0.534 

13.6 

22 

0.02.53 

0.197 

5.00 

10 

0.1018 

0.523 

13.3 

4?2 

21 

0.02,«H 

0.194 

4.93 

9 

0.1144 

0.510 

12.9 

4J^ 

20 

0.0319 

0.190 

4.83 

8 

0.1284 

0.497 

12.6 

rf 

4% 

19 

0.0358 

0.186 

4.72 

J'' 

7 

0.1442 

0.481 

12.2 

4?2 

18 

0.0403 

0.182 

4.62 

6. 

0.1620 

0.463 

11.8 

4>l 

17 

0.04.52 

0.177 

4.50 

5 

0.1819 

0.443 

11.2 

16 

0.0.508 

0.171 

4.34 

^2 

19 

0.0358 

0.464 

11.79 

41 

4% 

15 

0.0570 

0.165 

4.19 

rt 

2 

18 

0.0403 

0.460 

11.68 

14 

0.0640 

0.158 

4.01 

2 

17 

0.0452 

0.455 

11.56 

tn 

13 

0.0719 

0.150 

3.81 

2 

16 

0.0508 

0.449 

11.40 

12 

0.08(18 

0.141 

3.58 

2 

15 

0.0570 

0.443 

11.25 

t 

5* 

23 

0.0225 

0.177 

4.50 

.  2 

14 

0.0640 

0.436 

11.07 

5 

22 

0.0253 

0.175 

4.44 

•g  2 

13 

0.0719 

0.428 

10.87 

5 

21 

0.0284 

0.172 

4.37 

§  2 

12 

0.0808 

0.419 

10.64 

5 

20 

0.0319 

0.168 

4.27 

"S  2 

11 

0.0907 

0.409 

10.39 

5 

19 

0.035S 

0.164 

4.17 

.c  2 

10 

0.1018 

0.398 

10.11 

5 

18 

0.0403 

*  0.160 

4.06 

l\ 

9 

0.1144 

0.386 

9.80 

5 

17 

0.0452 

0.155 

3.94 

8 

0.1284 

0.372 

9.45 

5 

16 

0.0508 

0.149 

3.78 

S  2 

7 

0.1442 

0.356 

9.04 

5 

15 

0.0.570 

0.143 

3.63 

•S  2 

0 

0.1620 

0.338 

8.59 

5 

14 

0.0648 

0.135 

3.43 

<"  2i< 

19 

o.oa58 

0.364 

9.25 

5 

13 

0.0719 

0.128 

3.25 

S  2K 

18 

0.0403 

0.360 

9.14 

5 

12 

0.0808 

0.119 

3.02 

2K 

17 

0.0452 

0.355 

9.02 

5 

11 

0.09(17 

0.109 

2.77 

23^ 

16 

0.a508 

0.349 

8.86 

6 

25 

0.0179 

0.149 

3.78 

2>l 
2J| 

15 

0.0570 

0.343 

8.71 

6 

24 

0.0201 

0.146 

3.71 

14 

0.0640 

0.336 

8.53 

6 

23 

0.0225 

0.144 

3.66 

2>| 

13 

0.0719 

0.328 

8.33 

6 

22 

0.0253 

0.141 

3.58 

12 

0.0808 

0.319 

8.10 

rt 

6 

21 

0.0284 

0.138 

3.50 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  34"i  etc. 
screens.  Table  II.    t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 


p.  Nearest  size  to  punched 


SCREENS    FOR    SIZING. 


283 


Table  VI. —  Continued. 


Wire. 

Space. 

0) 

o 

a 

Wire.    1 

Spa 

(•e. 

a)  S 

U   CO 

u 

C 

cc 

"So 

i 

1  CO 

2 

CO 

03  1-1 

5.S 

0) 

..-'  t-t 

2 

J3 

23 
(3.3 

u 

a 

t-H 

A 

=3 

19 

S3 
a 
C 

t— t 

S'S 

a> 

6 

20 

0.0319 

0.135 

3.43 

12 

0.0358 

0.047 

1.19 

6 

19 

0.0358 

0.131 

3.33 

12 

18 

0.0403 

0.043 

1.09 

6 

18 

0.0403 

0.126 

3.20 

f 

14 

34 

0.0063 

0.065 

1.65 

6 

17 

0.0452 

0.121 

3.07 

14 

33 

0.0070 

0.064 

1.03 

6 

16 

0.0508 

0.116 

2.95 

r 

14 

32 

0.0079 

0.063 

1.60 

6 

15 

0.0.570 

0.110 

2.79 

14 

31 

0.0089 

0.062 

1.57 

6 

14 

0.0640 

0.102 

2.59 

14 

30 

0.0100 

0.061 

1.55 

6 

13 

0.0719 

0.095 

2.41 

14 

29 

0.0112 

0.060 

1.52 

6 

12 

0.0808 

0.086 

2.18 

14 

28 

0.0126 

0.059 

1.50 

7 

26 

0.0159 

0.127 

3.23 

14 

27 

0.0141 

0.057 

1.45 

7 

25 

0.0179 

0.125 

3.17 

14 

26 

0.0159 

0.0,55 

1.40 

7 

24 

0.0201 

0.123 

3.12 

14 

25 

0.0179 

0.053 

1.35 

7 

23 

0.0225 

0.120 

3.05 

14 

24 

0.0201 

0.051 

1.30 

7 

22 

0.02.53 

0.117 

2.97 

14 

23 

0.0225 

0.049 

l.'J4 

7 

21 

0.0284 

0.114 

2.90 

14 

22 

0.0253 

0.046 

1.17 

7 

20 

0.0319 

0.111 

2.82 

t 

14 

21 

0.0284 

0.043 

1.09 

7 

19 

0.0358 

0.107 

2.72 

14 

20 

0.0319 

0.039 

0.99 

7 

18 

0.0403 

0.102 

2.59 

16 

35 

0.0056 

0.057 

1.45 

7 

17 

0.0452 

0.098 

2.49 

16 

34 

0.0063 

0.056 

1.42 

7 

16 

0.0.508 

0.092 

2.34 

16 

33 

0.0070 

0.055 

1.40 

7 

15 

0.0.570 

0.086 

2.18 

16 

32 

0.0079 

0.054 

1.37 

8 

27 

0.0141 

0.111 

2.82 

16 

31 

0.0089 

0.053 

1.35 

8 

26 

0.0159 

0.109 

2.77 

16 

30 

0.0100 

0.052 

1.32 

8 

25 

0.0179 

0.107 

2.72 

16 

29 

0.0112 

0.0.51 

1.30 

8 

24 

0.0201 

0.105 

2.67 

16 

28 

0.0126 

0.0,50 

1.27 

8 

23 

0.0225 

0.102 

2.59 

16 

27 

0.0141 

0.048 

1.23 

P 

8 

22 

0.02,53 

0.100 

2.54 

16 

26 

0.0159 

0.047 

1.19 

8 

21 

0.0284 

0.097 

2.46 

16 

25 

0.0179 

0.045 

1.14 

r 

8 

20 

0.0319 

0.093 

2.36 

16 

24 

0.0201 

0.042 

1.07 

8 

19 

0.0358 

0.089 

2.26 

16 

23 

0.0225 

0.040 

1.02 

t 

8 

18 

0.0403 

0.085 

2.16 

r 

16 

22 

0.0253 

0.037 

0.94 

J3  8 

17 

0.0452 

O.OSO 

2.03 

a   16 

21 

0.0284 

0.034 

0.86 

•S  8 

16 

0.0,508 

0.074 

1.88 

2  18 

36 

0.0050 

0.051 

1.28 

15 

0.0570 

0.068 

1.73 

■S  18 

35 

0.00,56 

0.050 

1.27 

5  9 

14 

0.0640 

0.061 

1.55 

^   18 
5  18 

34 

0.0063 

0.049 

1.25 

28 

0.0126 

0.098 

2.49 

33 

0.0070 

0.048 

1.23 

2  9 

27 

0.0141 

0.096 

2.44 

$,   18 

32 

0.0079 

0.047 

1.21 

M  9 

26 

0.0159 

0.095 

2.41 

S  18 

31 

0.0089 

0.046 

1.18 

5  9 

25 

0.0179 

0.093 

2.36 

a   18 

30 

0.0100 

0.045 

1.17 

1  9 

24 

0.0201 

0.091 

2.31 

S  18 

29 

0.0112 

0.044 

1.13 

1  9 

23 

0.0225 

0.089 

2.26 

S  18 

28 

0.0126 

0.042 

1.09 

9 

22 

0.0253 

0.086 

2.18 

18 

27 

0.0141 

0.041 

1.04 

9 

21 

0.0284 

0.083 

2.11 

18 

26 

0.0159 

0.039 

0.98 

9 

20 

0.0319 

0.079 

2.00 

t 

18 

25 

0.0179 

0.03S 

0.97 

9 

19 

0.0.358 

0.075 

1.90 

18 

24 

0.0201 

0.035 

0.89 

9 

18 

0.04O3 

0.071 

1.80 

18 

23 

0.0225 

0.033 

0.84 

9 

17 

0.04.52 

0.066 

1.68 

18 

22 

0.0253 

0.030 

0.76 

10 

29 

0.0112 

0.089 

2.26 

20 

36 

0.0050 

0.045 

1.14 

10 

28 

0.0126 

0.087 

2.21 

20 

35 

0.0056 

0.044 

1.13 

10 

27 

0.0141 

0.086 

2.18 

20 

34 

0.0063 

0.043 

1.12 

10 

26 

0.01,59 

0.0S4 

2.13 

20 

33 

0.0070 

0.042 

1.09 

10 

25 

0.0179 

0.082 

2.08 

20 

32 

0.0079 

0.042 

1.07 

P 

10 

24 

0.0201 

O.OSO 

2.03 

20 

31 

0.00x9 

0.041 

1.04 

10 

23 

0.0225 

0.077 

1.96 

20 

30 

0.0100 

0.039 

1.01 

10 

22 

0.02,53 

0.075 

1.90 

20 

29 

0.0112 

0.038 

0.99 

10 

21 

0.0284 

0.072 

1.83 

20 

28 

0.0126 

0.037 

0.95 

10 

20 

0.0319 

0.068 

1.73 

20 

27 

0.0141 

0.035 

0.91 

10 

19 

0.0358 

0.064 

1.63 

f 

20 

26 

0.0159 

0.034 

0.86 

10 

18 

0.0403 

0.060 

1.52 

20 

25 

0.0179 

0.032 

0.82 

10 

17 

0.0452 

0.055 

1.40 

20 

24 

0.0201 

0.029 

0.76 

10 

16 

0.0.508 

0.049 

1.24 

20 

23 

0.0225 

0.027 

0.70 

12 

30 

0.0100 

0.073 

1.85 

22 

36 

0.00.50 

0.0-10 

1.02 

12 

29 

0.0112 

0.072 

1.84 

22 

35 

0.00,56 

0.039 

0.99 

12 

28 

0.0126 

0.071 

1.83 

22 

34 

0.0063 

0.039 

0.98 

12 

27 

0.0141 

0.069 

1.75 

22 

33 

0.0070 

0.038 

0.97 

12 

26 

0.0159 

0.067 

1.70 

22 

32 

0.0079 

0.037 

0.94 

12 

25 

0.0179 

0.065 

1.65 

22 

31 

0.0089 

0.036 

0.91 

12 

24 

0.0201 

0.063 

1.60 

22 

30 

0.0100 

0.035 

0.89 

12 

23 

0.0225 

0.061 

1.55 

22 

29 

0.0112 

0.034 

0.86 

12 

22 

0.02.54 

0.0.58 

1.47 

rp 

22 

28 

0.0126 

0.032 

0.81 

12 

21 

1  0.0284 

0.0.55 

1.40 

t 

22 

27 

0.0141 

0.031 

0.79 

12 

20 

0.0319 

0.0.51 

1.30 

22 

26 

0.0159 

0.029 

0.74 

/.  Nearest  approach  to  sizes  of  graded  .set,  1",  }4",  J^",  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    <.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  VI. — Concluded. 


Wire. 

Space. 

6 
o 

Wire. 

Space. 

11 

s  s 

a 

S.S 

Si 

u 
a 

.A  2 

kg  « 

2 
•2 
aj 

CO 

oji-i 

0.0044 

2 

22 

25 

0.0179 

0.027 

0.69 

40 

37 

0.021 

0.52 

22 

24 

0.02(/l 

0.0125 

0.64 

40 

36 

0.00.50 

0.020 

0.51 

24 

36 

0.0050 

0.0.36 

0.93 

40 

35 

0.0050 

0.019 

0.49 

24 

35 

0.0056 

0.036 

0.91 

40 

34 

0.00(33 

0.019 

0.47 

24 

34 

0.0063 

0.035 

0.90 

P 

40 

33 

0.0070 

0.018 

0.46 

p 

24 

33 

0.0070 

0.034 

0.88 

40 

32 

0.0079 

0.017 

0.43 

P 

24 

32 

0.0079 

0.033 

0.86 

40 

31 

0.0089 

0.016 

0.41 

f 

24 

31 

0.0089 

0.032 

0.83 

40 

30 

0.0100 

0.015 

0.38 

24 

30 

0.0100 

0.031 

0.80 

45 

37 

0.0014 

0.018 

0.45 

24 

29 

0.0112 

0.030 

0.77 

45 

36 

0.00,50 

0.017 

0.44 

24 

28 

0.0126 

0.029 

0.74 

r 

45 

35 

0.00.50 

0.017 

0.42 

24 

27 

0.0141 

0.027 

0.70 

t 

45 

34 

o.oo(;3 

0.016 

0.40 

24 

26 

0.01.59 

0.025 

0.65 

45 

33 

0.0070 

0.015 

0.39 

24 

25 

0.0179 

0.023 

0.60 

45 

32 

0.0079 

0.014 

0.36 

26 

36 

0.0(150 

0.034 

0.85 

50 

37 

0.0044 

0.016 

0.40 

26 

35 

0.0056 

0.033 

0.84 

50 

36 

0.0050 

0.015 

0.38 

P 

26 

34 

0.0063 

0.032 

0.82 

50 

35 

0.0056 

0.014 

0.37 

26 

33 

0.0070 

0.031 

0.80 

1 

50 

34 

0.0063 

0.014 

0.35 

rtp 

26 

32 

0.0079 

0.030 

0.77 

50 

33 

0.0070 

0.013 

0.33 

26 

31 

0.00S9 

0.029 

0.75 

p 

50 

32 

0.0079 

0.012 

0.31 

26 

30 

0.0100 

0.028 

0.72 

60 

38 

0.00,39 

0.013 

0.32 

26 

29 

0.0112 

0.027 

0.69 

P 

60 

37 

0.0044 

0.012 

0.31 

A  26 
•g  26 

28 

0.0126 

0.025 

0.66 

•  60 
■g  60 

36 

0.00.50 

0.012 

0.29 

27 

0.0141 

0.024 

0.61 

35 

0.00,56 

0.011 

0.28 

5  26 

26 

0.01.59 

0.022 

0.57 

.2  60 

34 

0.0063 

0.010 

0.26 

a)  28 

36 

0.00.50 

0.031 

0.78 

<u  64 

38 

0.0039 

0.012 

0.30 

5  28 

35 

0.0(156 

0.030 

0.76 

5  64 

37 

0.0044 

0.011 

0.28 

o  28 

34 

0.0063 

0.029 

0.75 

o  64 

36 

0.00.50 

0.011 

0.27 

«  28 

33 

0.0070 

0.029 

0.73 

«  64 

35 

0.00.56 

0.010 

0.25 

t 

2  28 

32 

0.0079 

0.028 

0.71 

S  64 

34 

0.0063 

0.009 

0.24 

^  28 

31 

0.0089 

0.027 

0.68 

■S  70 

38 

0.0039 

0.010 

0.26 

r 

S  28 
^  28 

30 

O.OKiO 

0.025 

0.65 

^  70 

37 

0.0044 

0.010 

0.25 

29 

0.0112 

0.024 

0.62 

P 

36 

0.00.50 

0.009 

0.23 

28 

28 

0.0126 

0.023 

0..59 

70 

35 

0.00.56 

0.009 

0.22 

28 

27 

0.0141 

0.021 

0.55 

70 

34 

0.00(53 

0.008 

0.20 

30 

36 

0.00.50 

0.028 

0.72 

74 

38 

0.0039 

0.010 

0.24 

30 

35 

0.00,56 

0.028 

0.70 

74 

37 

0.0044 

0.009 

0.23 

30 

34 

0.0063 

0.027 

0.69 

74 

36 

0.00,50 

0.008 

0.22 

30 

33 

0.0070 

0.026 

0.67 

74 

35 

0.00,56 

0.008 

0.20 

f 

30 

32 

0.0(179 

0.025 

0.&5 

74 

34 

0. 00(53 

0.007 

0.18 

30 

31 

0.0089 

0.024 

0.62 

80 

39 

0.0035 

0.009 

0.23 

30 

30 

0.0100 

0.023 

0.59 

80 

38 

0.0039 

0.009 

0.22 

30 

29 

0.0112 

0.022 

0..56 

p 

80 

37 

0.0044 

0.008 

0.21 

30 

28 

0.0126 

0.021 

0.53 

80 

36 

0.00.50 

0.007 

0.19 

30 

27 

0.0141 

0.019 

0.49 

80 

35 

0.00.56 

0.007 

0.18 

35 

37 

0.0044 

0.024 

0.61 

90 

40 

0.0031 

0.008 

0.20 

35 

36 

0.0050 

0.023 

0.60 

90 

39 

0.0035 

0.008 

0.19 

35 

35 

0.0(156 

0.023 

0..58 

90 

38 

0.0039 

0.007 

0.18 

35 

34 

0.0063 

0.022 

0.-56 

90 

37 

0.0014 

0.007 

0.17 

t 

35 

33 

0.0070 

0.021 

0.55 

90 

36 

0.00.50 

0.006 

0.15 

35 

32 

0.0079 

0.021 

0.52 

100 

40 

0.0031 

0.007 

0.18 

35 

31 

0.0089 

0.020 

0.50 

rtp 

100 

39 

0.003.5 

0.006 

0.17 

35 

30 

0.0100 

0.018 

0.47 

100 

38 

0.0030 

0.006 

0.15 

35 

29 

0.0112 

0.017 

0.44 

100 

37 

0.0044 

0.006 

0.14 

35 

28 

0.0126 

0.016 

0.40 

^100 

36 

0.00,50 

0.005 

0.13 

t 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  34",  )4"-  ^tc.    p.  Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  VII. — Sizes  of  Wire  Screens  of  the  Trenton  Standard 

Gauge. 


W 

ire. 

Space. 

6 
u 

B 

2 

.a) 

4. 

W 

ire. 

Space. 

.a 

o 
c 

5l 

<u 

3  <B 

a 
0 

"So 

S  s 

P2  OJ 

6 
0 
a 
£ 

0) 

0) 

0 

S.S 

a 

'^l 

0 
2>^ 

1 

(5.S 

a 

5'S 

(U 

'-^S" 

0.305 

2.69 

68.3 

9 

0.145 

0.255 

6.48 

3" 

00 

0.330 

2.67 

67.8 

r 

2^ 

8 

0.160 

0.240 

6.10 

3" 

000 

0.360 

2.64 

67.1 

t 

3 

20 

0.035 

0.298 

7.57 

2%" 

1 

0.285 

2.21 

56.1 

3 

19 

0.040 

0.293 

7.44 

■1%" 

0 

0.305 

2.19 

55.6 

3 

18 

0.045 

0.288 

7.31 

2%" 

00 

0.330 

2.17 

55.1 

f 

3 

17 

0.052 

0.2S1 

7.14 

2^8" 

0 

0.305 

1.82 

46.2 

rt 

3 

16 

0.061 

0.272 

6.91 

Ik/' 

3 

0.245 

1.25 

31.7 

t 

3 

15 

0.070 

0.263 

6.68 

1^2" 

2 

0.265 

1.23 

31.2 

r 

3 

14 

0.080 

0.253 

6.43 

f 

1 

0.285 

1.21 

30.7 

3 

13 

0.092 

0.241 

6.12 

4 

0.225 

0.90 

22.9 

rt 

3 

12 

0.1(15 

0.228 

5.79 

1" 

15 

0.070 

0.930 

23.6 

f 

3 

11 

0.117 

0.216 

5.49 

1" 

14 

0.080 

0.920 

23.4 

3 

10 

0.130 

0.203 

5.16 

1" 

13 

0.092 

0.907 

23.0 

s% 

21 

0.031 

0.254 

6.45 

1" 

12 

0.105 

0.895 

22.7 

3>| 

20 

0.035 

0.250 

6.35 

1" 

11 

0.117 

0.882 

22.4 

3!4 

19 

0.040 

0.2-15 

6.22 

1" 

10 

0.130 

0.870 

22!  1 

33^ 

18 

0.045 

0.240 

6.10 

1" 

9 

0.145 

0.855 

21.7 

3>^ 

17 

0.052 

0.232 

5.89 

1" 

8 

0.160 

0.840 

21.3 

16 

0.061 

0.224 

5.69 

t 

1" 

7 

0.175 

0.825 

20.9 

15 

0.070 

0.215 

5.46 

1" 

6 

0.190 

0.810 

20.6 

33^ 
33I 

14 

0.080 

0.205 

5.21 

r 

a  1" 

5 

0.205 

0.795 

20.2 

13 

0.092 

0.192 

4.88 

S  1" 

4 

0.225 

0.775 

19.7 

3>| 

12 

0.105 

0.180 

4.57 

a  1" 

3 

0.245 

0.755 

19.2 

11 

0.117 

0.167 

4.24 

IS" 

i 

16 

0.061 

0.689 

17.5 

4 

22 

0.028 

0.222 

5.64 

15 

0.070 

0.680 

17.3 

4 

21 

0.031 

0.219 

5.56 

14 

0.080 

0.670 

17.0 

4 

20 

0.035 

0.215 

5.46 

13 

0.092 

0.657 

16.7 

4 

19 

0.040 

0.210 

5.33 

12 

0.105 

0.645 

16.4 

4 

18 

0.045 

0.205 

5.21 

11 

0.117 

0.632 

16.0 

t 

4 

17 

0.052 

0.197 

5.00 

10 

0.130 

0.620 

15.7 

Xi  4 

16 

0.061 

0.189 

4.80 

9 

0.145 

0.605 

15.4 

It 

15 

0.070 

0.180 

4.57 

8 

0.160 

0.590 

15.0 

14 

0.080 

0.170 

4.32 

7 

0.175 

0.575 

14.6 

It 

13 

0.092 

0.157 

3.99 

t 

6 

0.190 

0.560 

14.2 

12 

0.105 

0.145 

3.68 

%" 

5 

0.205 

0.545 

13.8 

2   4 

11 

0.117 

0.132 

3.35 

%" 

4 

0.225 

0.525 

13.3 

"  43^ 

23 

0.025 

0.197 

5.00 

%" 

17 

0.052 

0.572 

14.5 

x:  4j| 

22 

0.028 

0.194 

4.93 

k" 

16 

0.(161 

0.564 

14.3 

21 

0.031 

0.191 

4.85 

%" 

15 

0.070 

0.555 

14.1 

20 

0.035 

0.187 

4.75 

14 

0.080 

0.545 

13.8 

4>^ 

19 

0.040 

0.182 

4.62 

13 

0.092 

0.532 

13.5 

43^ 
43I 

18 

0.045 

0.177 

4.49 

12 

0.105 

0.520 

13.2 

17 

0.052 

0.170 

4.32 

ys 

11 

0.117 

0.507 

12.9 

4>l 

16 

0.061 

0.161 

4.09 

10 

0.130 

0.495 

12.6 

f 

4>^ 

15 

0.070 

0.152 

3.86 

r 

9 

0.145 

0.480 

12.2 

43^ 
43I 
4% 

14 

0.080 

0.142 

3.61 

8 

0.160 

0.465 

11.8 

r 

13 

0.092 

0.130 

3.30 

7 

0.175 

0.4.50 

11.4 

t 

12 

0.105 

0.117 

2.97 

6 

0.190 

0.435 

11.0 

5 

24 

0.022 

0.177 

4.49 

5 

0.2(i5 

0.420 

10.7 

5 

23 

0.025 

0.175 

4.44 

-—2 

18 

0.045 

0.455 

11.56 

5 

22 

0.028 

0.172 

4.37 

2 

17 

0.052 

0.447 

11.35 

5 

21 

0.031 

0.169 

4.29 

2 

16 

0.061 

0.439 

11.15 

5 

20 

0.035 

0.165 

4.19 

2 

15 

0.070 

0.-430 

10.92 

5       • 

19 

0.040 

0.160 

4.06 

2 

14 

0.080 

0.420 

10.67 

5 

18 

0.045 

0.155 

3.94 

^  2 

13 

0.092 

0.407 

10.34 

5 

17 

0.052 

0.147 

3.73 

1  2 

12 

0.105 

0.395 

10.03 

5 

16 

0.061 

0.139 

3.53 

•9  2 

11 

0.117 

0.882 

9.70 

5 

15 

0.070 

0.130 

3.30 

2  2 

10 

0.130 

0.370 

9.40 

5 

14 

0.080 

0.120 

3.05 

£  2 

9 

0.145 

0.355 

9.02 

5 

13 

0.092 

0.107 

2.72 

o  2 

8 

0.160 

0.340 

8.64 

6 

25 

0.020 

0.146 

3.71 

!S  2 

7 

0.175 

0.325 

8.25 

6 

24 

0.022 

0.144 

3.66 

^  2 

6 

0.190 

0.310 

7.87 

6 

23 

0.025 

0.141 

3.58 

S  2K 
S  2>| 

18 

0.045 

0.355 

9.02 

6 

22 

0.028 

0.138 

3.50 

17 

0.n52 

0.347 

8.81 

6 

21 

0.031 

0.135 

3.43 

1 

2J| 

16 

0.061 

0.339 

8.61 

6 

20 

0.035 

0.131 

3.33 

15 

0.070 

0.330 

8.38 

6 

19 

0.040 

0.126 

3.20 

f 

14 

0.080 

0.320 

8.13 

t 

6 

18 

0.045 

0.121 

3.07 

2V^ 

13 

0.092 

0.307 

7.80 

6 

17 

0.052 

0.114 

2.89 

2^ 
2>l 

12 

0.105 

0.295 

7.49 

r 

6 

16 

0.061 

0.105 

2.67 

r 

11 

0.117 

0.282 

7.16 

6 

15 

0.070 

0.096 

2.44 

2^ 

10 

0.130 

0.270 

6.86 

6 

14 

0.080 

0.0h6 

2.18 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  3^",  34".  etc.    p.    Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  VII. — Continued. 


1 

Wire.        1 

Space. 

B 

i 

Wire. 

Space. 

•s 

1 
a 

2 

II 
5.S 

0.018 

1 

•g 

c 

0 

.A2 

0 

B 

2 

7 

26 

0.125 

3.17 

14 

22 

0.028 

0.043 

1.09 

7 

25 

0.020 

0.123 

3.12 

14 

21 

0.031 

0.040 

1.02 

7 

21 

0.022 

0.120 

3.05 

14 

20     I 

0.035 

0.036 

0.91 

7 

23 

0.025 

0.118 

3.00 

16 

35 

0.009 

0.053 

1.35 

7 

22 

0.028  i 

0.115 

2.92 

16 

34 

0.010 

0.052 

1.32 

7 

21 

0.031 

0.112 

2.84 

t 

16 

33 

0.011 

o.asi 

1.29 

7 

20 

0.035 

0.108 

2.74 

16 

32 

0.012 

0.050 

1.27 

7 

19 

0.040 

0.103 

2.61 

16 

31 

0.013 

0.049 

1.24 

7 

18 

0.045  1 

0.098 

2.49 

16 

30 

0.014 

0.048 

1.22 

7 

17 

0.052 

0.090 

2.29 

16 

29 

0.015  ' 

0.047 

1.19 

7 

16 

0.001 

0.082 

2.08 

16 

28 

0.016  1 

0.046 

1.17 

7 

15 

0.070 

0.073 

1.85 

16 

27 

0.017 

0.045 

1.14 

8 

27 

0.017  ' 

0.108 

2.74 

16 

26 

0.018  ; 

0.044 

1.12 

8 

26 

0.018 

0.107 

2.72 

16 

25 

0.020 

0.042 

1.07 

r 

8 

25 

0.020 

0.105 

2.67 

16 

24 

0.022 

0.040 

1.02 

t 

8 

24 

0.022 

0.102 

2.59 

16 

23 

0.025 

0.037 

0.94 

8 

23 

0.025 

0.100 

2.54 

16 

22 

0.028 

0.034 

0.86 

8 

22 

0.028 

0.097 

2.46 

16 

21 

0.031 

0.031 

0.79 

8 

21 

0.031 

0.094 

2.39 

18 

36 

0.009 

0.047 

1.19 

8 

20 

0.035 

0.090 

2.29 

18 

35 

0.0095 

0.040 

1.17 

8 

19 

0.040 

0.085 

2.16 

18 

34 

0.010 

0.045 

1.14 

8 

18 

0.045 

0.080 

2.03 

r 

18 

33 

0.011 

0.044 

1.12 

8 

17 

0.052 

0.072 

1.83 

18 

32 

0.012 

0.043 

1.09 

8 

16 

0.061 

0.064 

1.62 

18 

31 

0.113 

0.042 

1.07 

p 

9 

28 

0.016 

0.095 

2.41 

18 

30 

0.014 

0.041 

1.04 

9 

27 

0.017 

0.094 

2.39 

18 

29 

0.015 

0.040 

1.02 

9 

26 

0.018 

0.093 

2.36 

18 

28 

0.016 

0.039 

0.99 

9 

25 

0.1)20 

0.091 

2.31 

18 

27 

0.017 

0.038 

0.96 

9 

24 

0.022 

0.089 

2.26 

18 

26 

0.018 

0.037 

0.94 

9 

23 

0.025 

0.086 

2.18 

18 

25 

0.020 

0.035 

0.89 

9 

22 

0.028 

0.0S3 

2.11 

18 

24 

0.022 

0.033 

0.84 

ja     9 

21 

0.031 

0.080 

2.03 

t 

s.  18 

23 

0.025 

0.030 

0.76 

1     9 

20 

0.035 

0.076 

1.93 

s  1^ 

22 

0.028 

0.027 

0.68 

«     9 

19 

O.OiO 

0.071 

1.80 

•=  20 

36 

0.009 

0.041 

1.04 

2    9 

18 

0.045 

0.066 

1.68 

5  S5J 

35 

0.0095 

0.040 

1.03 

£     9 

17 

0.052 

0.0.59 

1.50 

S  20 

34 

0.010 

0.040 

1.02 

o  10 

29 

0.015 

0.085 

2.16 

2  20 

33 

0.011 

0.039 

0.99 

m    10 

28 

0.016 

0.084 

2.13 

«  20 

32 

0.012 

0.038 

0.96 

^    10 

27 

0.017 

0.083 

2.11 

Xi  20 

31 

0.013 

0.037 

0.94 

1  10 

26 

0.018 

0.082 

2.08 

£  20 

30 

0.014 

0.036 

0.91 

a  10 

25 

0.020 

0.080 

2.03 

^  ^ 

29 

0.015 

0.035 

0.89 

P 

^   10 

24 

0.022 

0.078 

1.98 

20 

28 

0.016 

0.034 

0.86 

10 

23 

0.025 

0.075 

1.90 

20 

27 

0.017 

0.033 

0.84 

10 

22 

0.028 

0.072 

1.83 

20 

26 

0.018 

0.032 

0.81 

10 

21 

0.031 

0-069 

1.75 

20 

25 

0.020 

0.030 

0.76 

10 

20 

0.035 

0.065 

1.65 

20 

24 

0.022 

0.027 

0.68 

10 

19 

0.040 

0.060 

1.52 

20 

23 

0.025 

0.025 

0.63 

10 

18 

0.045 

0.055 

1.40 

22 

36 

0.009 

0.036 

0.91 

12 

30 

0.014 

0.069 

1.75 

22 

35 

0.0095 

0.036 

0.90 

12 

29 

0.015 

0.06X 

1.73 

22 

34 

0.010 

0.035 

0.89 

12 

28 

0.016 

0.067 

1.70 

22 

33 

0.011 

0.034 

0.86 

12 

27 

0.017 

0.066 

1.68 

22 

32 

0.012 

0.033 

.0.84 

12 

26 

0.018 

0.065 

1.65 

22 

31 

0.013 

0.032 

0.81 

12 

25 

0.020 

0.063 

1.60 

f 

22 

30 

0.014 

0.031 

0.79 

f 

12 

24 

0.022 

0.061 

1.55 

22 

29 

0.015 

0.030 

0.76 

12 

28 

0.025 

0.058 

1.47 

p 

22 

28 

0.010 

0.029 

0.74 

12 

22 

0.028 

0.055 

1.40 

rt 

22 

27 

0.017 

0.028 

0.71 

12 

21 

0.031 

0.052 

1.32 

22 

26 

0.018 

0.027 

0.69 

12 

21) 

0.035 

0.048 

1.22 

22 

25 

0.020 

0.025 

0.64 

12 

19 

0.040 

:     0.043 

1.09 

22 

24 

0.022 

0.023 

0.58 

14 

34 

0.010 

0.061 

1.55 

24 

36 

0.009 

0.033 

0.84 

14 

3:i 

0.011 

0.060 

1.52 

24 

35 

0.0095 

0.032 

0.81 

14 

32 

0.012 

0.059 

1.50 

24 

34 

0.010 

0.032 

0.80 

14 

31 

0.013 

0.058 

1.47 

24 

33 

0.011 

0.031 

0.79 

14 

30 

0.014 

0.057 

1.45 

24 

32 

0.012 

0.030 

0.76 

14 

29 

0.015 

0.056 

1.42 

24 

31 

0.013 

0.029 

0.74 

P 

14 

28 

0.016 

i     0.055 

1.40 

24 

30 

0.014 

0.028 

0.71 

t 

14 

27 

0.017 

0.0.54 

1.37 

24 

29 

0.015 

0.027 

0.68 

14 

26 

0.018 

0.053 

1.35 

24 

28 

0.016 

0.026 

0.66 

r 

14 

25 

0.020 

0."51 

1.29 

24 

27 

0.017 

0.025 

1     0.63 

1 

14 

24 

0.022 

0.049 

1.24 

!  p 

24 

26 

0.018 

0.024 

0.61 

1 

14 

23 

0.025 

1     0.046 

1.17 

24 

25 

0.020 

0.022 

!     0.56 

i 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  %",  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table  I.    r.  Rittiuger's  screens. 
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Table  VII. — Concluded. 


Wire. 

Space. 

o 

"S 

Wire. 

Space. 

ji  • 

1 

If 

^S 

1 

a  c 

.a 

i 

S 
S 

Cjl-H 

Q.S 

a 

So; 
0.74 

<J5 

s 
S 

34 

5.5 

a 

Pi 

26 

36 

0.009 

0.029 

46 

0.010 

0.012 

0.30 

26 

35 

0.0095 

0.029 

0.73 

45 

33 

0.011 

0.011 

0.28 

26 

34 

0.010 

0.028 

0.71 

45 

32 

0.012 

0.010 

0.25 

26 

3:! 

0.011 

0.027 

0.68 

P 

50 

37 

0.0085 

0.011 

0.29 

26 

32 

0.012 

0.026 

0.66 

50 

36 

0.009 

0.011 

0.28 

26 

31 

0.013 

0.025 

0.63 

50 

35 

0.0095 

0.010 

0.27 

26 

30 

0.014 

0.024 

0.61 

50 

34 

0.010 

0.010 

0.25 

rt 

26 

29 

0.015 

0.023 

0.58 

50 

33 

0.011 

0.009 

0.23 

26 

28 

0.016 

0.022 

0.56 

50 

32 

0.012 

0.008 

0.20 

26 

27 

0.017 

0.021 

0.53 

55 

38 

0.008 

0.010 

0.25 

26 

26 

0.018 

0.020 

0.51 

55 

37 

0.0085 

0.010 

0.24 

28 

36 

0.009 

0.027 

0.68 

55 

36 

0.009 

0.009 

0.23 

28 

35 

0.0095 

0.026 

0.67 

55 

35 

0.0095 

0.009 

0.22 

28 

34 

0.010 

0.026 

0.66 

55 

34 

0.010 

0.008 

0.20 

28 

33 

0.011 

0.025 

0.63 

60 

38 

0.008 

0.009 

0.22 

28 

32 

0.012 

0.024 

0.61 

P 

60 

37 

0.0085 

0.008 

0.20 

28 

31 

0.013 

0.023 

0.58 

60 

36 

0.009 

0.008 

0.19 

f 

28 

30 

0.014 

0.022 

0.56 

60 

35 

0.0095 

0.007 

0.18 

Xi  28 

29 

0.015 

0.021 

0.53 

.  60 

34 

0.010 

0.007 

0.16 

«  28 
•S   28 

28 

0.016 

0.020 

0.51 

■g  64 

38 

0.008 

0.008 

0.19 

27 

0.017 

0.018 

0.48 
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The  Ancient  Copper-Mines  of  Lake  Superior. 

BY   ALVINUS   BROWN   WOOD,  DETROIT,    MICH. 

(Bethlehem  Meeting,  February,  19C6.) 

The  ancient  copper-mines  of  Lake  Superior,  having  been  de- 
stroyed or  covered  by  modern  mining-dumps,  are  not  accessi- 
ble to  the  present  inhabitants  of  that  region,  and,  since  no  more 
are  likely  to  be  found,  some  account  of  those  already  discov- 
ered, from  one  who  has  seen  them,  may  be  acceptable  to  the 
Institute. 

Early  in  May,  1855, 1  took  a  party  of  men  to  open  an  ancient 
pit  on  the  Quincy  mine-location.  Mr.  C.  C.  Douglas  was  the 
"  Agent,"  as  mine-managers  were  then  called  on  Lake  Supe- 
rior. The  Quincy  Co.  had  previously  done  work  on  a  fissure- 
vein,  several  hundred  feet  west  of  the  Amygdaloid  lode  (after- 
wards called  the  Pewabic  lode),  on  which  was  the  ancient  pit 
herein  described.  It  was  at  this  pit  that  the  Quincy  main 
shaft  was  subsequently  sunk. 

The  ancient  pit  showed  an  apparent  depth  of  about  4  ft.,  but 
when  cleaned  out  it  was  shown  to  be  14  ft.  deep,  having  been 
filled  up  by  the  sliding-in  of  material  composed  largely  of 
broken  rock,  taken  out  in  sinking  the  ancient  shaft,  and  left 
near  its  mouth.  Midway  of  the  shaft,  and  below  water-level, 
was  found  a  scaffolding  of  white-birch  poles,  which  had  be6n 
used  as  a  landing,  to  assist  in  removing  the  excavated  rock. 
The  shaft  was  7  ft.  in  diameter.  The  excavation  had  been 
done  by  first  building  fires  in  order  to  disintegrate  the  rock,  as 
was  proved  by  the  abundance  of  charcoal  found;  then  break- 
ing the  softened  rock  with  hammers  of  diorite,  such  as  is  found 
in  the  greenstone  range  on  Keweenaw  point.  These  hammers 
had  about  the  size  of  large  paving-stones.  Only  broken  ones 
were  found,  the  whole  ones  having  been  doubtless  carried  away 
for  other  work,  such  as  could  be  traced  on  the  lode  for  a  hun- 
dred feet  or  more  to  the  south. 

At  the  place  where  this  shaft  was  sunk,  barrel-copper  {i.e., 
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copper  too  coarse  to  go  to  the  mill,  yet  not  iu  pieces  large 
enough  to  be  shipped  separately)  was  abundant.  This  class  of 
copper  was  most  valuable  to  the  old  miners ;  since  large  masses 
were  too  large  for  them  to  handle,  and  stamp-copper  was  too 
small  to  serve  their  uses.  It  is  evident  that  they  did  not  under- 
stand the  art  of  smelting. 

This  excavation  represents  the  removal  of  41  tons  of  rock, 
and  the  ground  at  that  place,  judging  from  what  could  be  seen 
in  the  walls  of  the  shaft,  carried  fully  12  per  cent,  of  coarse 
copper.  This  would  represent  5  tons  of  copper  actually  ex- 
tracted. From  the  amount  of  ancient  work  showing  further 
south  on  the  lode,  it  would  not  be  too  liberal  to  estimate  that 
four  times  as  much  more  copper,  or,  say,  25  tons  in  all,  was 
obtained  from  this  locality.  The  amount  may  have  been  much 
greater,  for  the  ground  under  the  workings  was  afterwards 
proved  to  be  very  rich  in  barrel-copper. 

I  still  have  in  my  possession  a  handful  of  fragments  of  cop- 
per, torn  from  the  barrel-copper  by  blows  from  the  stone  ham- 
mers, each  fragment  showing  the  torn  face  caused  by  the  blow. 
These  were  found  in  the  bottom  of  the  shaft. 

At  about  the  same  time,  Mr.  Charles  H.  Palmer,  Agent,  and 
Mr.  Wm.  B.  Frue,  his  foreman,  opened  an  ancient  pit  on  the 
Pewabic  mine  location,  where  the  Pewabic  main  shaft  was 
afterward  sunk.  The  lode  at  that  place  was  very  rich  in  bar- 
rel-copper for  a  width  of  20  ft.  or  more.  The  pit  was  some- 
what irregular,  about  6  ft.  deep  and  15  ft.  wide,  the  length 
being  20  ft.  across  the  lode,  and  representing  the  removal  of 
138  tons  of  rock,  which  carried  about  10  per  cent,  of  barrel- 
copper,  or  13.5  tons  of  metallic  copper. 

The  ancient  work  extended  to  the  south  more  than  100  ft., 
but  was  not  so  deep.  The  ground  under  these  pits  proved  to 
be  very  rich  in  barrel-copper,  as  is  shown  by  the  workings  of 
the  Pewabic  Co.  (This  ground  now  belongs  to  the  Quincy 
Co.)  I  think  it  safe  to  estimate  the  copper  taken  from  this 
south  working  by  the  ancients  to  be  twice  that  taken  from  the 
shaft,  or  a  total  of  40.5  tons — probably  a  great  deal  more.  In 
the  bottom  of  this  shaft  were  found  the  remains  of  a  large  fire, 
the  unconsumed  brands  of  which  had  not  been  moved,  indicate 
ing  a  sudden  stoppage  of  the  work.  One  brand,  a  part  of  a 
young  black-oak  tree,  6  in.  in  diameter,  showed,  by  the  form 
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of  the  cutting,  that  it  had  been  cut  at  the  stump  while  standing. 
Having  been  continuously  under  water,  it  was  well  preserved 
and  of  full  form.  It  had  evidently  been  hewed  with  a  thin- 
edged  tool,  about  2  in.  wide.  A  thin  chip,  which  had  been  cut 
from  the  face  left  by  a  previous  chip,  was  broken  oft'  at  the 
base,  about  J  in.  thick;  but  the  cutting-tool  had  gone  down 
0.25  in.  below  the  upper  end  of  the  remaining  stub,  leaving  a 
gash  into  which  I  inserted  my  knife-blade.  This  proved  that 
the  cutting  had  been  done  by  a  thin,  sharp  blade,  probably  of 
copper,  and  not  by  a  stone  axe. 

On  the  Franklin  location,  further  north,  the  surface  material 
was  deeper,  and  no  ancient  work  was  found. 

The  ancient  miners  worked  only  where  the  "  wash  "  cover- 
ing the  cropping  of  lodes  or  veins  was  thin,  and  the  lodes  were 
easily  found. 

Next  to  the  north  is  the  Mesnard  mine  location.  No  rich 
ground  was  found  there,  such  as  the  ancients  would  mine. 
But  near  the  south  boundary,  about  200  ft.  west  of  the  line  of 
the  Pewabic  lode,  was  found  a  large,  broad  ancient  pit  that  did 
not  reach  bedrock.  Around  it  a  cart-load  of  broken  stone 
hammers  might  have  been  gathered,  some  weighing  as  much 
as  20  lb. ;  none  but  broken  ones  remained,  the  sound  ones 
having  been  taken  away,  doubtless  for  other  work.  When  I 
discovered  the  pit,  I  thought  I  had  made  a  discovery  of  value, 
but  the  work  done  showed  its  true  character. 

These  hammers  had  probably  been  used  to  work  up  a  mass 
of  float-copper  of  several  tons  weight,  similar  to  the  Worming- 
haus  mass  found  on  the  Mesnard  location,  about  1,000  ft.  to 
the  northeast,  and  east  of  the  Pewabic  lode.  This  mass  was 
rocky,  and  could  have  been  broken  up  with  stone  hammers ; 
its  weight  was  about  15  tons,  as  I  remember.  It  had  escaped 
the  notice  of  the  ancient  miners. 

On  the  south  side  of  Portage  lake,  the  Isle  Royale  lode  had 
been  extensively  worked  on  the  Isle  Koyale  location,  by  the 
ancient  miners.  The  Isle  Royale  shaft  was  sunk  on  the  main 
old  workings.  I  did  not  see  this  ancient  work,  since  it  was 
covered  with  waste  dumps  from  the  mine  when  I  first  visited 
the  mines,  in  1854. 

At  the  Huron  mine,  next  south  on  the  Isle  Royale  lode,  the 
first  four  shafts  were  started  in  1854,  in  ground  not  suited  to 
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the  ancient  miners.  In  1856  I  took  charge  of  the  property,  as 
agent,  and  pursued  work  in  the  first  shafts.  In  1857  I  discov- 
ered signs  of  ancient  workings  to  the  south ;  but  in  this  work, 
instead  of  digging  pits,  the  lode  had  been  stripped  from  north 
to  south.  The  large  stones  had  been  piled  up,  and  the  dirt 
thrown  back  as  the  work  progressed. 

I  caused  the  lode  to  be  cleaned  off,  beginning  at  the  north 
end  of  the  old  work,  for  a  length  of  30  ft.  and  a  width  of  16 
ft.  To  the  south  there  were  abundant  signs  of  ancient  work 
for  an  additional  distance  of  80  ft.  About  3  ft.  in  depth  of 
the  lode  had  been  removed  where  it  was  uncovered.  This 
surface  had  had  the  benefit  of  disintegration  since  the  Ice  Age. 

To  get  an  idea  of  the  amount  of  copper  which  the  ancients 
obtained,  I  had  the  uncovered  surface — 30  by  16  ft. — worked 
over  with  pick  and  bar,  no  powder  being  used.  Ten  tons  of 
barrel-copper  were  taken  up;  the  largest  piece  weighing  1,500 
lb.  The  copper  obtained  was  weighed  and  shipped  to  the 
copper  smelting-works  at  Detroit.  I  should  estimate  that  the 
ancients  got  twice  as  much  as  we  did,  or  20  tons,  to  say  noth- 
ing of  what  they  took  from  the  additional  ground  worked  by 
them  to  the  south. 

In  the  deepest  part  of  this  old  work,  in  a  pit  about  1.5  ft. 
below  the  general  level  of  the  bottom,  I  found  a  leather  string 
about  30  in.  long,  which  was  strong  and  in  good  condition, 
having  lain  under  water.  About  20  in.  of  it  is  buckskin,  the 
balance  being  beaver-skin,  wrapped  with  colored  porcupine- 
quills.  This,  and  a  small  buckskin  bag,  found  in  an  ancient 
pit  near  Rockland,  Ontonagon  district,  are  the  only  relics  of  a 
personal  nature  ever  found  in  the  ancient  mines,  so  far  as  I  am 
informed. 

No  signs  of  graves,  or  of  foundations  to  structures,  have  been 
found.  Apparently  the  ancient  miners  visited  this  region  in  the 
summer  season  only ;  and  probably  they  came  by  the  Lakes. 
That  they  were  navigators  is  shown  by  their  presence  on  Isle 
Eoyale. 

l^orth  of  the  Mesnard  mine,  the  first  ancient  work  was  found 
at  the  Calumet  mine — a  single  pit,  sunk  on  the  Calumet  con- 
glomerate. It  was  discovered  by  Amos  Scott,  a  man  whom  I 
knew  well.  He  was  employed  by  Ed.  Hulbert,  as  foreman,  on 
a  property  east  of  the  Calumet  mine,  and  called,  at  that  time, 
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the  Hulbert  mine.  The  copper  was  abundant  where  the  an- 
cient pit  was  sunk,  but,  being  of  stamp-copper  size,  it  did  not 
suit  the  old  miners'  purposes  as  well  as  the  barrel-copper  found 
at  other  places ;  and  this  accounts,  no  doubt,  for  the  limited 
amount  of  work  done  there.  The  discovery  of  this  pit  led 
Hulbert  to  purchase  from  the  St.  Mary's  Mineral  Land  Co.  the 
lands  of  the  Calumet  and  Hecla  mines. 

The  next  place  further  north,  where  ancient  work  led  to  the 
discovery  of  a  mine,  was  at  the  Clift"  mine,  near  Eagle  river, 
which  was  famous  and  profitable  in  its  day.  The  vein  produced 
mass-copper. 

The  next  mine  of  value  to  the  east  was  the  Central  mine, 
located  upon  the  discovery  of  an  ancient  pit  on  the  vein,  in  the 
bottom  of  which  appeared  a  large  mass  of  copper.  This  mass 
had  been  well  pounded,  to  detach  such  pieces  of  copper  as 
could  be  thus  secured;  but  the  main  body  was  too  large  to  be 
handled  by  the  ancients. 

Still  further  east,  the  old  IlTorth  West  mine,  later  known  as 
the  Pennsylvania  and  the  Delaware  mines,  was  discovered  at 
a  very  early  day  through  an  ancient  pit  on  the  fissure-vein,  near 
the  greenstone  range. 

North  of  this  range,  and  nearly  north  of  the  North  "West 
mine,  a  number  of  ancient  pits  were  found  on  a  small  fissure- 
vein,  which  carried  sheet-copper  well  suited  to  the  uses  of  the 
old  miners.  These  pits  were  discovered  in  1853,  and  were  fre- 
quently seen  by  me  while  they  w^ere  being  cleaned  out.  The 
stone  hammers  used  at  this  place  were  mostly  encircled  by  well- 
marked  grooves;  whereas,  at  the  other  ancient  mines  described, 
the  stone  hammers  found  were  not  grooved,  and  only  a  few  of 
them  had  their  sharp  corners  rounded.  Several  cedar  shovels, 
or  scrapers,  about  3.5  ft.  long,  with  the  blade  on  one  side  only, 
were  found  in  these  pits. 

Extensive  ancient  mining  was  done  on  the  easterly  part  of 
Isle  Royale,  on  narrow  veins  yielding  sheet-copper.  This  form 
being,  as  already  observed,  suited  to  the  needs  of  the  old 
miners,  they  did  much  work  on  these  veins. 

About  1872,  Mr.  A.  C.  Davis  worked,  on  the  island,  a  prop- 
erty called  the  Minong,  and  brought  to  Detroit  a  very  interest- 
ing piece  of  ancient  work — a  mass  of  copper  of  4  or  5  tons, 
taken  from  the  bottom  of  an  ancient  trench  along  a  vein.    This 
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mass  had  been  deprived  of  all  portions  of  copper  that  could 
be  detached  by  pounding  with  stone  hammers,  and  the  whole 
surface  of  the  mass  had  been  pounded  into  deep  pits  and  ridges 
in  attempts  to  detach  other  pieces.  It  showed  an  immense 
amount  of  labor  done.  Mr.  John  R.  Grout,  of  the  Detroit 
copper-smelting  works,  shipped  the  mass  to  the  Michigan  Uni- 
versity at  Ann  Arbor,  and  offered  to  sell  it  to  the  University 
at  half  its  cash  value,  but  the  Regents  did  not  make  the  pur- 
chase. Perhaps  they  lacked  money;  perhaps  they  lacked  ap- 
preciation. The  mass  was  shipped  back  to  the  smelting-works 
and  went  into  the  furnace.  Thus  a  thing  of  very  great  interest 
was  lost.  Had  the  University  taken  it,  it  would  be  the  most 
interesting  in  all  its  collections,  and  of  special  interest  to 
Michigan. 

In  the  Ontonagon  region,  extensive  ancient  mining- work  was 
done  at  the  Minnesota  mine,  in  the  fissure-vein,  where  the  his- 
toric mass  of  copper  was  found  below  water-level,  shored  up 
on  timbers,  in  an  ancient  shaft,  the  work  having  been  continued 
below  the  mass. 

In  the  Rockland  district,* extensive  work  was  done  on  the 
Amygdaloid  lodes,  where  rich  bunches  of  barrel-copper  were 
found.     I  was  not  personally  acquainted  with  these  workings. 

In  1870  there  lived  at  Gratiot  lake,  in  Keweenaw  county, 
Michigan,  a  gentleman  70  years  of  age,  of  good  character  and 
intelligence,  who  told  me  that  he  was  in  the  Ontonagon  district 
at  the  beginning  of  mining  there,  and  was  conversant  with  the 
old  miners'  work.  He  said  that,  at  a  point  on  one  of  the  Rock- 
land amygdaloid  lodes,  where  barrel-copper  was  abundant,  an 
ancient  drift  had  been  driven  for  40  ft. ;  at  the  inner  end,  in 
the  upper  dry  corner,  a  considerable  roll  of  white  birch-bark 
was  found ;  which,  on  being  unrolled,  was  seen  to  be  covered 
with  what  he  called  "  hieroglyphics."  He  said  he  saw  this  roll, 
and  that  it  "  was  carried  East  by  a  man,"  and  he  never  heard 
anything  more  of  it. 

The  native  copper  of  the  Lake  Superior  mines  is  accompa- 
nied, to  a  limited  extent,  by  native  silver,  attached  to  the 
surface  of  the  copper,  and,  at  times,  inclosed  within  it,  the  two 
being  firmly  united  and  each  pure,  and  in  no  case  alloyed. 
This  condition  has  been  considered  peculiar  to  the  Lake  Supe- 
rior mines,  and  as  proof  that  specimens   exhibiting  it  came 
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from  Lake  Superior.  Samples  of  this  kind,  found  in  the  an- 
cient mounds  of  Ohio,  have  consequently  connected  the  mound- 
builders  with  the  old  miners.  The  mound-builders,  it  is  thought 
by  historians,  migrated  south  900  or  1,000  years  ago,  and  were 
the  Toltecs  or  the  Aztecs  of  Mexico,  probabl}'  the  latter.  This 
gives  some  indication  as  to  the  time  when  the  ancient  mining- 
work  was  done. 

The  copper  they  obtained  by  working  the  ancient  mines,  as 
shown  by  the  partial  estimates  on  previous  pages,  must  have 
amounted  to  several  hundred  tons.  They  also  had  the  first 
picking  of  the  float-copper,  dislodged  from  the  lodes  and  veins 
during  the  Ice  Age,  which  must  have  amounted  to  many  tons. 
The  present  inhabitants  have  picked  up  many  thousands  of 
pounds.  The  wonder  is  that  the  ancients  did  not  do  more 
mining,  since  the  copper,  being  so  greatly  superior  to  their 
stone  implements,  must  have  been  of  great  value  to  them. 
The  limited  amount  of  work  done  by  them  may  indicate  that 
they  occupied  the  country  but  a  short  time. 

Alore  copper  implements  have  been  found  in  the  ancient 
mound-country  of  Wisconsin  than  in  any  other  State,  as  is 
shown  by  the  collection  at  the  State  University  at  Madison. 
Illinois,  Michigan  and  Ohio  have  yielded  many  specimens  of 
implements.  The  Field  Museum  at  Chicago  has  many  valu- 
able specimens  from  these  States. 

It  must  be  remembered  that  all  the  implements  thus  found 
were  lost  treasures  of  the  utmost  value  to  the  owners.  I  have 
a  spear-head,  11  in.  long,  of  very  perfect  construction,  which 
was  taken  from  a  mound  on  the  left  bank  of  the  Wisconsin 
river,  just  below  the  Dalles.  This  may,  or  may  not,  have  been 
a  burial  mound. 

All  of  the  older  valuable  mines  of  the  Portage  Lake  district, 
as  well  as  those  of  the  Keweenaw  and  the  Ontonagon  districts, 
were  found  by  means  of  the  ancient  workings,  which  are  now 
destroyed  or  covered  by  mine-dumps. 

The  new  mines,  opened  in  the  past  few  years  on  the  south 
side  of  Portage  lake,  were  covered  too  deep  by  soil  and  glacial 
drift  to  be  found  by  the  ancients;  and  the  same  may  be  said  of 
those  opened  on  the  Osceola  and  the  Kearsarge  lodes  on  the 
north  side  of  Portage  lake. 

Nine  years  ago  I  purchased  from  a  curio  dealer  at  Denver  a 
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thin  circular  disk  of  native  copper  and  silver,  nearly  one-half 
silver.  The  origin  or  source  of  the  metals  from  which  it  is 
made  is  evidently  the  Lake  Superior  mines.  This  disk,  shown 
in  Fig.  1,  is  2.5  hy  3.5  in.  in  size ;  a  projection  on  one  side  serves 
for  a  handle,  a  hole  at  the  end  being  doubtless  modern.  The 
disk  is  concave,  and  on  the  concave  side  there  is  a  conventional 
picture  of  the  face  of  the  sun,  outlined  by  deep  creasings  w^ith 
a  sharp  point.  The  face  is  1.5  in.  in  diameter,  and  not  quite 
perfectly  round.  There  are  13  radiating  curved  lines  drawn 
from  the  face  to  the  margin,  which  may  represent  the  13  lunar 
months.  The  lines  show  on  the  back  as  raised  lines.  The  eyes 
have  that  straight  horizontal  appearance  to  be  seen  in  the  an- 
cient carvings  on  stone,  which  are  exhibited  in  the  Mexican 
National  Museum  in  the  City  of  Mexico. 

I  also  bought  a  rude  bracelet  of  the  same  material,  roughly 
pounded  out  and  bent  to  spring  on  to  the  wrist.  It  is  very 
irregular  in  form;  from  0.6  to  1.5  in.  wide,  with  very  jagged 
edges.  On  it,  for  ornament,  are  placed  four  turquoises  of  ex- 
cellent quality,  but  roughly  ground  into  faces.  Turquoise,  used 
to  ornament  a  bust  carved  in  stone,  is  to  be  seen  in  the  Mexican 
Museum. 

The  turquoise  is  a  Mexican  stone,  not  having  been  mined  in 
United  States  territory  until  recently,  except  at  the  ancient  tur- 
quoise mine  near  Santa  Fe,  in  New  Mexico.  The  stones  are 
set  on  to  the  bracelet  by  cutting  four  clips  in  the  copper  for 
each  stone,  and  raising  these  clips,  or  tags,  so  as  to  inclose  the 
stones  and  keep  them  in  place. 

The  dealer  of  whom  I  bought  these  articles  told  me  that  he 
bought  them  in  the  City  of  Mexico,  from  a  very  large  collection 
of  minerals  and  ancient  relics  that  had  been  collected  by  sev- 
eral generations  of  owners.  The  owner  at  that  time,  not  being 
so  interested  as  his  ancestors,  was  selling  oii'  the  collection  as 
he  had  opportunity.  The  sun-disk,  being  of  a  peculiar  combi- 
nation of  metals,  and  a  religious  emblem  as  well  to  the  old  sun- 
worshipers,  would  be  likely  to  be  handed  down  through  many 
centuries  by  the  ancient  people.  The  bracelet  may  have  come 
down  with  it.  It  would  have  been  highly  prized  for  its  unusual 
material,  and  may  have  been  regarded  as  a  sacred  thing.  The 
material  for  both  disk  and  bracelet  being  of  undoubted  Lake 
Superior  origin,  raises  the  question  of  how  it  got  to  Mexico  in 
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the  olden  time,  and  the  ready  reply  is, — that  it  was  probably 
taken  there  by  the  old  mound-building  miners,  the  Toltees  or 
Aztecs,  when  they  migrated  to  the  south.  They  were  probably 
driven  from  home  by  an  enemy,  for  in  the  Lake  region  they 
were  in  a  good  country,  desirable  to  live  in. 

With  the  facts  given  herein,  and  if  the  inferences  stated  are 
correct,  then  we  have  a  clear  indication  as  to  who  did  the  an- 
cient mining  on  Lake  Superior,  and  also  as  to  who  were  the 


Fig.  1. — SuN-DiSK  of  Native  Copper  and  Silver. 

mound-builders,  namely,  the  Toltees  or  the  later  Aztecs  ot 
Central  Mexico,  probably  the  latter. 

Fig.  1  is  a  three-quarter  sized  photographic  view  of  the  sun- 
disk.  The  lighter  shades  represent  the  silver  portion  and  the 
darker  shades  the  copper.  The  back,  or  convex  side,  shows 
most  silver. 

At  the  first  visit  of  the  old  French  missionaries  to  Lake 
Superior,  the  Lidians  knew  nothing  of  the  old  copper-mines, 
though  they  had  lumps  of  float-copper,  which  they  regarded 
as  "  Manitou."  Nor  did  the  modern  Lidians  know  anything 
of  the  old  mines. 
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The  Secondary  Enrichm^ent  of  Copper-Iron  Sulphides.* 

BY  THOMAS  T.  READ,  NEW  YORK,  N.  Y. 

(Bethlehem  Meeting,  February,  1906.) 

The  fact  that  certain  types  of  ore-deposits  have  attained 
their  present  condition  through  the  action  of  descending  sur- 
face waters  was,  perhaps,  first  clearly  pointed  out  by  Posepny.^ 
The  oxidizing  effects  of  such  waters  were  discussed  by  Pen- 
rose,^ and  many  papers  dealing  with  this  phase  of  the  subject 
have  subseqnently  appeared.  That  secondary  enrichment  of 
sulphide  ores,  however,  might  be  produced  by  descending  sur- 
face waters  was  not  clearly  understood  until  after  the  copper- 
bearing  veins  of  the  Butte  district,  Mont.,  had  been  carefully 
studied  by  the  geologists  of  the  II.  S.  Geological  Survey,  al- 
though De  Launay^  had  suggested  that  sulphides  might  be 
transported  from  point  to  point  and  re-deposited  in  the  zone 
above  the  level  of  ground-water.  As  a  result  of  the  study  of 
the  Butte  district,  two  papers  by  geologists  engaged  in  the 
w^ork  appeared  within  a  short  interval.  The  first  by  Weed,* 
dealing  with  the  enrichment  of  veins  by  later  metallic  sul- 
phides; and  the  second  by  Emmons,^  treating  of  the  secondary 
enrichment  of  ore-deposits  in  general.  In  the  latter  paper  it 
was  pointed  out  that  a  typical  vein  of  sulphide  ores  which 
has  been  subjected  to  the  action  of  descending  surface-waters 
exhibits  four  zones, — an  upper  or  surface-zone,  in  which  the 
changes  have  been  mainly  of  removal,  the  products  being  typi- 
cally oxides ;  a  second  zone  of  oxide  enrichment,  in  which  the 
less  soluble  metals  brought  from  above  have  been  precipitated 
as  carbonates  or  oxides ;  a  third  zone  of  sulphide  enrichment, 

*  Published  also,  by  permission  of  the  Council,  in  Contributions  from  the  Depart- 
ment of  Mineralogy,  Columbia  University,  vol.  x..  No.  xi. 

1  Trans.,  xxiii.,  197-369  (1893). 

2  Journal  of  Geology,  vol.  ii.,  pp.  288-317  (1894). 

^  Annates  des  Mines,  vol.  xii.,  pp.  119-228  (1897). 

*  Bulletin  of  the  Geological  Society  of  America,  vol.  xi.,  pp.  179-206  (1900). 
5  Trans.,  xxx.,  177-216  (1900). 
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in  which  the  materials  brought  down  past  the  second  zone  have 
been  deposited  as  sulphides;  and,  finally,  the  zone  of  unaltered 
sulphides. 

In  both  these  papers,  various  suggestions  were  made  con- 
cerning the  probable  chemistry 'of  the  process.  Somewhat 
later  WinchelP  detailed  the  results  of  his  experiments  with  the 
effect  of  solutions  of  CuSO^  and  SOj  upon  lean  sulphides,  and 
pointed  out  their  bearing  upon  the  production  of  rich  sul- 
phides, such  as  chalcocite,  from  sulphides  poor  in  copper. 
Still  more  recently,  Kemp^  has  pointed  out  that,  in  very  many 
instances,  lean  sulphides  are  later  than  the  rich  sulphides  with 
which  they  are  associated,  or  that  there  may  be  lean  sulphides 
which  are  younger  and  others  which  are  older  than  the  rich 
ores.  In  other  words,  the  changes  which  have  taken  place  are 
reversible,  an  observation  which  is  very  valuable. 

In  treating  the  chemistry  of  such  secondary  enrichment,  all 
the  foregoing  writers  have  assumed  that  chalcopyrite  has  the 
formula  Cu,^S,  Fe^S^.  Some  years  ago,  Morgan  and  Smith^ 
demonstrated  that  the  iron  of  chalcopyrite  is  all  ferrous,  or, 
conversely,  that  its  copper  is  cupric  and  its  formula,  therefore, 
is  CuS,  FeS.  Obviously,  this  must  radically  affect  the  reac- 
tions into  which  chalcopyrite  may  enter.  In  the  paper  by 
Weed,  already  cited,  little  attention  is  paid  to  the  valency  of 
the  copper,  and  copper-glance  is  frequently  referred  to  as  cu- 
pric sulphide.  On  the  other  hand,  a  writer  under  the  pseu- 
donym of  Agricola^  has  recently  criticised  a  reaction  suggested 
by  me  for  the  simultaneous  production  of  covellite  and  chalco- 
cite from  chalcopyrite,  on  the  ground  that  the  cuprous  copper 
of  the  chalcopyrite  could  not  yield  cupric  sulphide  (covellite) 
in  the  presence  of  SOj.  Since  the  copper  of  chalcopyrite  is 
cupric,  this  criticism  is  without  point. 

The  experimental  work  of  Winchell,  already  mentioned,  has 
been  so  widely  quoted  and  so  extensively  drawn  on  by  others, 
that  it  seemed  advisable  to  undertake  further  work  along  the 
same  lines  in  order  to  elaborate  more  clearly,  if  possible,  the 
actual  processes  involved  in  the  secondary  enrichrnent  of  cop- 

®  BuUeiinof  the  Geological  Society  of  America,  vol.  xiv.,  p.  269  (1903). 
'  Economic  Geology,  pp.  11-26  (1905). 

®  Journal  of  the  Aynerican  Chemical  Society,  vol  xxiii.,  p.  107  (1901). 
^  Engineering  and  ^fining  Journal,  vol.  Ixxix. ,  p.  1147  (1905). 
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per-iron  sulphide  ores.  The  method  followed  by  Winchell  was 
to  place  pyrite,  containing  a  small  percentage  of  copper,  in  a 
sealed  jar  with  a  solution  of  CuSO^  in  one  case,  and  of  CUSO4 
plus  SO2  in  the  other.  After  the  lapse  of  a  considerable  in- 
terval of  time  no  effect  was  apparent  in  the  jar  containing 
CuSO^  only,  but  in  that  containing  SO.j  as  w^ell,  the  grains  of 
pyrite  had  become  covered  with  a  blue-black  coating  resembling 
chalcocite.  From  these  results  and  some  other  chemical  ex- 
periments it  was  inferred  that  CuSO^  was  without  action  on  lean 
sulphides,  and  that  the  SO.^  reduced  the  CuSO^  to  Cu,SO^,  which 
then  reacted  on  the  pyrite  to  form  FeSO^,  Cu,S  and  S. 

In  conducting  further  experimental  work,  an  attempt  was 
made  to  imitate  natural  conditions  as  nearly  as  possible. 
Coarsely-crushed  pyrite  and  chalcopyrite  were  placed  in  open 
glass  tubes,  and  a  solution  of  CuSO^  was  allowed  to  percolate 
slowly  through  one  and  a  solution  of  CuSO^  plus  SO.,  through 
the  other;  100  cc.  of  a  1,5-per  cent,  solution  was  used  in  each 
case,  being  passed  through  from  15  to  20  times  in  the  course 
of  two  weeks.  At  the  end  of  that  time  the  solutions  were 
analyzed,  which  showed  that,  in  the  case  of  the  CuSO^  plus 
SO.,  the  percentage  of  copper  present  had  decreased,  and  a 
notable  amount  of  the  iron  had  gone  into  solution  as  FeSO^. 
In  the  case  of  the  CuSO^  alone,  a  small  amount  of  iron  had 
gone  into  solution.  In  using  this  method,  it  proved  so  diffi- 
cult to  prevent  various  losses,  as  well  as  to  guard  the  ore  and 
solutions  from  the  effects  of  vagrant  gases  in  the  laboratory, 
that  it  was  abandoned,  and  a  study  of  the  reactional  changes 
in  closed  vessels  was  substituted  in  its  place.  Small  (150-cc.) 
bottles  were  used  for  this  purpose.  For  the  original  cop- 
per-iron sulphide,  chalcopyrite,  crushed  between  40  and  100 
mesh,  was  selected,  and  in  order  that  the  enrichment  changes 
might  have  opportunity  partly  to  establish  themselves,  it  was 
warmed  with  dilute  CuSO^  solution  until  it  became  distinctly 
tarnished,  and  then  washed  and  dried.  An  analysis  showed 
it  to  contain  Cu,  32.62,  and  Fe,  27.24  per  cent.  Ten  grams 
of  this  material  were  placed  in  each  bottle,  and  100  cc.  of 
each  of  the  following  solutions  were  added  to  the  correspond- 
ing bottle : 

1.  A  solution  of  copper  sulphate  containing  3.6  mg.  of  cop- 
per per  cc,  saturated  with  SO2  gas. 
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2.  A  solution  of  copper  sulphate  containing  3.6  mg.  of  cop- 
per per  cc. 

3.  Distilled  water  saturated  with  SO2  gas. 

4.  A  solution  of  calcium  bicarbonate. 

The  bottle^  were  closely  stoppered  with  rubber  stoppers, 
which  inclosed  about  40  cc.  of  air  above  the  level  of  the  solu- 
tion. Thej  were  shaken  daily,  and  allowed  to  stand  for  a 
month. 

At  the  end  of  the  month  the  solutions  were  filtered  ofl:',  the 
residue  washed,  dried  and  weighed,  and  both  were  analyzed. 
The  results  obtained  were  as  follows : — 

1.  Copper  Sulphate  and  Sulphur  Dioxide  Gas. — The  loss  in 
weight  of  the  copper-iron  sulphide  was  4.6  per  cent.  The  com- 
position of  the  enriched  sulphide  was:  Fe,  26.86  per  cent,  a 
loss  of  0.38  per  cent. ;  and  Cu,  33.90  per  cent.,  a  gain  of  1.28 
per  cent.  The  composition  of  the  solution  was :  Fe,  3.43  mg. 
per  cc,  a  gain  of  3.43;  Cu,  3.38  mg.  per  cc,  a  loss  of  0.22; 
and  SO3,  9.91,  a  gain  of  5.38  mg.  per  cc. 

The  enriched  sulphide  was  dark  green  in  color ;  during  the 
month  it  had  been  successively  bronzy,  purple,  and  dark  steely 
blue.     A  few  brassy  grains  could  be  seen. 

2.  Copper  Sulphate  Alone. — The  composition  of  enriched  sul- 
phide was :  Fe,  27.30  per  cent,  a  gain  of  0.06  per  cent. ;  and 
Cu,  33.77  per  cent.,  a  gain  of  1.15  per  cent.  The  composition 
of  the  solution  was:  Fe,  0.1  mg.  per  cc,  a  gain  of  0.1;  Cu, 
3.25  mg.  per  cc,  a  loss  of  0.35  ;  and  SO3,  5.1  mg.  per  cc,  a  gain 
of  0.57. 

The  color  of  the  sulphide  had  not  appreciably  changed. 

3.  Water  and  Sulphur  Dioxide. — The  loss  in  weight  of  the 
copper-iron  sulphide  was  5.04  per  cent.  The  composition  of 
enriched  sulphide  was  :  Fe,  26.95  per  cent.,  a  loss  of  0.29  per 
cent. ;  and  Cu,  34.06  per  cent.,  a  gain  of  1.44  per  cent.  The 
composition  of  the  solution  was:  Fe,  2.67  mg.  per  cc,  a  gain 
of  2.67;  Cu,  0.06  mg.  per  cc,  a  gain  of  0.06;  SO^,  3.81  mg. 
per  cc,  a  gain  of  3.81. 

The  sulphide  was  a  lustrous  blue,  almost  exactly  like  covel- 
lite,  although  scattered  purple  and  brassy  grains  could  be  de- 
tected. 

4.  Calcium  Bicarbonate. — The  calcium  bicarbonate  solution 
was  prepared  by  treating  the  dust  of  a  very  pure  marble  Avith 
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ordinary  carbonated  or  with  "  vichy  "  water,  filtering,  and  adding 
carbonated  water  until  the  cloudiness  disappeared.  The  strength 
of  the  solution  so  prepared  was  0.15  mg.  of  CaO  per  cc.  The 
copper-iron  sulphide  showed  a  loss  in  weight  of  0.1  per  cent. 
It  had  not  changed  appreciably  in  appearance.  The  solution 
contained  0.36  mg.  of  SO3  per  cc.  and  very  small  amounts  of 
iron  and  copper;  but,  unfortunately,  it  was  not  possible  to 
make  their  determination  until  after  some  CO^  had  escaped, 
causing  a  precipitation  of  CaCO.,  and  a  consequent  alteration 
of  the  composition  of  the  solution. 

The  solid  residue  effervesced  slightly  with  hydrochloric  acid, 
showing  a  partial  change  to  carbonates.  It  was  plain  that,  to 
some  extent,  the  calcium  bicarbonate  had  formed  calcium  sul- 
phate and  carbonates  of  iron  and  copper. 

In  considering  the  foregoing  results,  the  most  important 
point  of  interest  is  that  the  solution  containing  SO.  alone  had 
attacked  the  copper-iron  sulphide,  with  the  resultant  formation 
of  FeSO„  the  amount  of  CuSO^  formed  being  very  small,  in- 
deed. There  is  no  free  sulphuric  acid  present.  Whether  the 
sulphide  acts  as  a  catalyzer,  oxidizing  the  sulphurous  to  sul- 
phuric acid,  which  immediately  reacts  with  the  sulphide,  or 
whether  the  sulphurous  acid  attacks  the  sulphide,  forming  sul- 
phites, which  are  then  oxidized  to  sulphates  by  the  dissolved 
air,  is  not  evident.  The  important  fact  is  clear,  however,  that 
waters  containing  SOj  and  0  will  attack  copper-iron  sulphides, 
abstracting  the  iron  and  removing  it  in  the  form  of  FeSO^,  the 
enrichment  of  the  sulphide  being  due  to  the  removal  of  its 
iron. 

In  the  case  in  which  CUSO4  and  SOj  were  used,  a  similar 
action  had  taken  place,  but  the  removal  of  the  iron  and  pro- 
duction of  FeSO^  had  been  greater.  The  solution  also  showed 
a  loss  in  copper,  so  that,  evidently,  the  CuSO^  had  reacted  with 
the  copper-iron  sulphide,  exchanging  its  copper  for  the  iron  of 
the  sulphide. 

•  In  the  case  of  the  CuSO^  alone,  copper  was  removed  from 
the  solution  and  the  copper-iron  sulphide  was  enriched  in  cop- 
per. But  there  was  very  little  FeS04  produced,  the  action  ap- 
parently being  a  reduction  of  the  CUSO4  by  the  sulphide  and 
the  production  of  free  sulphuric  acid.  Why  the  free  sulphuric 
acid  does  not  attack  the  sulphide  is  puzzling,  and  how,  under 
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the  circumstances,  there  could  be  a  gain  in  the  SO3  is  no  less  so. 
The  difficulty  of  obtaining  a  uniform  mixture  of  this  coarsely 
crushed  material  was  great. 

In  the  case  of  the  calcium  bicarbonate  solution  the  action 
was  very  slight. 

An  important  factor  in  the  enrichment  of  copper-iron  sul- 
phides is  the  removal  of  the  iron,  either  in  solution  as  sulphate 
or  by  simple  oxidation.  This  is  also  seen  by  a  study  of  the 
veins  themselves.  Weed'"  mentions  that,  at  Gold  Hill,  IST.  C, 
the  oxidized  ore  is  bordered  by  massive  copper-glance,  and,  in 
numerous  other  localities,  this  phenomenon  is  less  clearly 
shown.  Very  similar  is  the  action  of  kernel-roasting  of  low- 
grade  copper-iron  sulphides,  when,  by  oxidation  of  the  iron, 
an  enriched  core  is  produced,  resulting,  finally,  in  the  produc- 
tion of  a  button  of  metal,  i.e.,  copper,  at  the  center,  if  the  action 
is  pushed  to  its  limit.  The  oxidizing  action  being  slow,  the 
copper  retreats  toward  the  center  as  the  iron  is  oxidized.  Just 
how  this  is  accomplished  is  not  known,  but  it  seems  to  be  a 
slow  molecular  flow,  which,  like  the  formation  of  concretions, 
is  not  yet  clearly  understood. 

The  most  important  feature  of  the  foregoing  is  the  demon- 
stration that  it  is  unnecessary  to  provide  an  hypothesis  to  ex- 
plain the  reduction  of  copper  from  bivalency  to  monovalenc}', 
during  the  process  of  enrichment.  The  auto-reduction  of  the 
copper  by  the  successive  removal  of  the  iron  and  sulphur  by 
oxidation  is  quite  similar  to  that  which  takes  place  in  the  con- 
verting of  a  low-grade  matte.  Indeed,  Cu.^S,  compared  with 
Cu^S^,  is  a  partly  oxidized  salt,  for  the  latter  will  require  twice 
as  much  oxygen  as  the  former,  in  order  to  form  metallic  cop- 
per. It  is  clear,  then,  that  oxidation  alone  is  sufficient  to  pro- 
duce the  enriched  sulphides  occurring  in  the  zone  of  secondary 
enrichment.  That  the  removal  of  the  iron  and  sulphur  has 
usually  sufficed  for  this  enrichment,  is  not  to  be  believed,  since 
the  diminution  of  volume  must  then  produce  very  porous  ore- 
bodies.  That  the  retreat  of  the  copper  before  the  advance  of 
the  oxidizing  zone  can  carry  it  to  any  great  distance  has  yet  to 
be  demonstrated.  Probably  removal  by  simple  oxidation  and 
reaction  with  descending  sulphates  have  both  operated,  perhaps 

^°  Bulletin  of  the  Geological  Society  of  America,  vol.  xi.,  p.  191  (1900). 
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simultaneously.  It  cannot  be  doubted  tbat  the  processes  and 
actions  involved  in  the  production  of  such  ore-bodies  have  not 
only  varied  somewhat  in  diti'erent  regions,  but  also  in  each  in- 
dividual case,  since  the  conditions  change  from  time  to  time. 
The  degree  of  concentration  of  the  solution,  the  potent  influ- 
ence of  very  small  quantities  of  dissolved  salts  in  afiecting 
the  action  of  other  salts  in  the  same  solution,  the  effect  of 
mass, — all  these  complicate  the  problem. 

Excluding  the  ore-deposits  of  igneous  origin,  in  the  present 
state  of  our  knowledge  it  seems  clear  that  ore-bodies  have  been 
formed  by  the  slow  action  of  dilute  solutions.  In  some  cases, 
these  dilute  solutions  have  been  the  waters  escaping  from  the 
solidification  of  igneous  intrusives.  In  others,  vadose  waters 
have  removed  the  scattered  metallic  contents  of  the  rocks,  onl}'^ 
to  concentrate  them  in  a  vein.  Finally,  descending  waters 
may  remove  the  metallic  contents  of  the  ujDper  part  of  an  ore- 
deposit,  concentrating  them  at  lower  levels.  The  infinitude  of 
possible  varieties  of  products  and  reactions  has  contributed  to 
make  the  study  of  ore-deposits  a  puzzling  one  indeed,  and  the 
greatest  credit  is  due  to  the  economic  geologists  and  mining 
engineers  who,  by  their  keen  observation  and  sagacious  in- 
ference, have  contributed  so  much  to  the  elucidation  of  this 
subject. 
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The  Mining,  Preparation  and  Smelting  of  Virginia 
Zinc-Ores. 

BY  THOMAS   LEONARD   WATSON,    VIRGINIA  POLYTECHNIC  INSTITUTE, 
BLACKSBURG,    VA. 

(Bethlehem  Meeting,  February,  1906.) 

Introduction. 

In  a  paper  read  by  title  at  the  Washington  meeting  of  the 
Institute,*  May,  1905, 1  discussed  at  considerable  length  the  geo- 
logical relations,  mode  of  occurrence,  and  the  genesis  of  the 
lead-  and  zinc-ores  of  the  Virginia-Tennessee  region.  The 
present  paper  treats  of  the  purely  economic  phases  of  the  zinc- 
ores  of  the  district, — such  as  methods  of  mining  the  ores,  their 
preparation  and  treatment.  The  Albemarle  county  mines  and 
plant  were  discussed  in  the  paper  referred  to  above,  and  will 
not  be  considered  here. 

Methods  of  Mining. 

Until  very  recently  the  mining  of  lead-  and  zinc-ores  in 
Virginia  was  limited  wholly  to  the  surface-belt  of  weathering. 
The  mode  of  occurrence  and  the  character  of  the  ores  to  be 
mined  were  such  as  to  demand  the  employment  of  methods 
used  in  mining  secondary  concentrated  ores.  Accordingly,  a 
system  similar  to  that  practiced  in  mining  brown  iron-ores  was 
employed,  being  modified  to  meet  the  changed  conditions. 

Oxidized  or' Soft  Ores. — Up  to  the  present  time  practically  all 
the  ore  mined  in  the  Virginia  district  has  been  of  the  oxidized 
or  soft  type ; — the  silicate,  calamine,  and  the  carbonate,  smith- 
sonite ;  largely  the  former,  which  has  been  localized  and  con- 
centrated at  only  slight  depths  below  the  surface.  Because  of 
the  extreme  irregularity  with  which  the  limestone  Aveathers 
when  stripped  of  the  overlying  residual  clay,  it  presents  a 
roughened  surface  of  large  and  small  irregular  "  chimneys  " 

^  Lead-  and  Zinc-Deposits  of  the  Virginia-Tennessee  Region,  Trans.,  xxxvi., 
681  to  737. 
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and  pinnacles  of  the  hard  rock,  as  shown  in  Figs.  1  and  2.  It 
is  in  the  depressions  between  the  pinnacles,  and  extending 
some  distance  up  and  on  their  sides,  occasionally  passing  over 
the  pinnacles  from  bottom  to  top,  that  the  ores  have  been  con- 
centrated. The  ores  hug  somewhat  closely  the  irregular  sur- 
face of  the  limestone  and  are  overlain  by  the  clay.  In  this 
mode  of  occurrence  the  ore  varies  from  1  to  25  ft.  in  thick- 
ness, and  its  depth  below  the  surface  will  not  exceed  80  or 
90  ft.,  usually  much  less. 

Such  an  occurrence  favored  the  working  of  the  ores  in  the 
beginning  by  the  method  of  "  open-cut "  mining,  the  usual 
method  practiced  in  the  region  for  mining  the  brown  iron-ores 


.  1. — Section  Through  the  Bertha  Zinc  Mines,  Showing  Occurrence 
OF  Zinc-Ore  in  Relation  to  the  Limestone  and  Clay,  and  the  Method 
Formerly  Employed  in  Mining  the  Ore.  (Modified  from  Fig.  7  of 
Mr.  Case's  paper,  Trans.,  xxii.,  524.) 


(limonite).  The  open-cut  method  ot  mining  the  zinc-ores  dif- 
fers, however,  from  that  of  mining  the  iron-ores,  in  that  the 
former  is  one  essentially  of  stripping,  while  in  the  latter  the 
ores  and  inclosing  clays  are  mined  together  and  sent  to  the 
washer  for  separation. 

At  Bertha,  the  most  systematically  worked  of  the  Virginia, 
soft-ore  zinc-mines,  the  method  of  open-cut  mining  was  followed 
until  the  fall  of  1889,  wdien  a  change  was  made.  The  difficul- 
ties of  the  open-cut  mining  at  Bertha  were  numerous,  and,  as 
the  work  progressed,  these,  added  to  the  increased  cost  of  re- 
moving the  clay,  necessitated  a  change  in  the  method.  The 
chief  object,  however,  in  making  this  change  was  to  secure  a 
steady  and  sufficient  output  for  the  furnaces,  as  well  as  to  lessen^ 
VOL.  xxxvii. — 20 
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the  cost  of  mining.  Accordingly,  a  system  of  underground 
mining  was  introduced,  the  ore  being  reached  through  shafts 
3.5  ft.  in  diameter  sunk  in  the  clay.  Inexpensive  plank  shafts 
of  38  in.  square  inside  dimension  were  also  used.  These  were 
sunk  to  the  limestone  bottom  at  the  deepest  points.  Timbered 
drifts  were  then  driven  in  the  ore,  following  it  around  the 
"  chimneys."  When  the  chimneys  were  thus  encircled  at  a 
given  level,  a  second  drift  was  established  or  run  upon  the  ore 
below.  In  this  way  drifts,  one  after  another,  were  carried 
around  and  over  the  chimney  until  all  the  ore  had  been  re- 
moved from  it.  This  method  of  mining  is  illustrated  in  Fig.  1, 
which  is  a  moditication  of  Fig.  7  in  the  paper  by  Mr.  Wil- 
liam H.  Case.^  Fig.  2  is  a  photographic  view  of  the  "chimneys" 
at  Ivanhoe,  Va.  The  ore  was  wheeled  to  the  shafts,  where  it 
was  loaded  into  iron  buckets  and  hoisted  by  steam-power.  It 
was  then  dumped  into  cars  of  about  2  tons  capacity,  and  car- 
ried by  a  locomotive  to  the  dumps  at  the  head  of  the  water- 
carriage.  The  ore,  as  thus  mined,  was  reported  to  have  con- 
tained about  26  per  cent,  of  metallic  zinc. 

On  the  Lead  Mine  tract  at  Austinville,  10  miles  west  of 
Bertha,  lead-  and  zinc-ores  above  ground-water  level  have  been 
mined  for  150  years.  Large  quantities  of  the  ores  have  been 
removed,  mined  principally  by  the  open-cut  method.  Much 
underground  mining  was  done  above  ground-water  level,  con- 
sisting of  shafts,  drifts  and  stopes,  reaching  a  maximum  depth 
of  250  ft.  Both  the  open-cut  and  underground  mining  have 
been  done  without  any  apparent  system.  The  soft  lead-ores 
were  mined  on  this  tract  for  a  long  period  of  years  before  at- 
tention was  given  to  the  zinc-ores,  if,  indeed,  they  were  recog- 
nized at  all. 

The  method  used  in  mining  the  lead-ore  seems  to  have  been 
that  of  following  the  ore,  by  irregular  underground  openings, 
down  from  the  surface  through  the  clays  wherever  found,  re- 
sembling a  very  crude  form  of  stoping.  Ordinarily,  little  or 
no  timbering  was  done,  regard  being  had  only  for  the  present 
mining  of  the  ore. 

The  Sulphide  Ores. — Practically  no  sulphide  ores  have  been 
mined,  and,  apart   from   prospecting  and  development-work, 

2  The  Bertha  Ziac-Mines,  Trans.,  xxii.,  511-536  (1893). 
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practically  no  underground  mining  in  the  bard  rock,  limestone, 
has  been  done.  This  has  been  due,  not  to  a  lack  of  the  sul- 
phide ore,  blende,  in  the  limestone,  but  to  the  fact  that  the  soft 
or  oxidized  ores  within  the  belt  of  weathering  were  adequate 
for  the  needs  of  the  furnaces,  l^ow  that  the  known  areas  of 
soft  ores  seem  very  limited,  considerable  exploitation  of  the 
sulphide  ore-bodies  in  the  hard  limestone  is  in  progress  over 
the  Virginia-Tennessee  region.  In  Virginia  the  outlook  is  very 
encouraging  at  Austinville  and  Cedar  Springs  in  Wythe  county, 
and  at  several  points  in  Rye  Valley  in  Smyth  county.  In  Ten- 
nessee equally  promising  results  are  indicated  in  three  areas : 
the  Holston  River  area  in  Knox  and  Jefferson  counties,  the 
Straight  Creek  area  in  Claiborne  county,  and  the  Powell  River 
area  in  Union  county. 

Preparation  and  Smelting  of  the  Ores. 

Washing  and  Millmg. — The  preparation  and  treatment  of  the 
ores  can  best  be  explained  by  describing  the  methods  formerly 
used  and  at  present  practiced  at  the  two  largest  and  most  exten- 
sively worked  mines  in  the  Virginia  district — namely.  Bertha 
and  Austinville.  At  Bertha,  mining  for  zinc-ores  has  been 
discontinued,  and  the  mines  are  now  being  worked  for  brown 
iron-ore.  However,  a  description  of  the  former  treatment  of 
the  Bertha  zinc-ores  will  be  of  interest  at  this  time. 

The  Bertha  Ores. — The  mining  of  zinc-ores  at  Bertha  was 
stopped  in  1898,  when  the  property  was  leased  to  the  Pulaski 
Iron  Co.,  for  the  purpose  of  mining  iron-ores.  The  hope  ex- 
ists, however,  that  more  available  zinc-ore  will  be  found  when 
the  covering  of  iron-ore  has  been  removed. 

Two  storage-bins  for  receiving  the  ore  as  mined  were  built 
on  the  bluff  overlooking  New  river,  about  0.75  mile  from  the 
mines.  These  were  built  on  timbered  trestles  leading  out  from 
the  hillside,  and  were  provided  with  V-shaped  floors,  down  the 
center  of  which  passed  a  cast-iron  water-trough,  12  in.  wide  and 
6  in.  deep.  The  ore  was  hauled  in  tram-cars  from  the  mines 
to  the  bins,  where  it  was  fed  into  the  water-trough  and  carried 
thence  by  a  current  of  water  to  the  dressing-house,  13  ft.  below. 
The  water  used  was  pumped  into  a  large  tank  above  the  bins 
on  the  hilltop,  and  there  stored  and  fed  as  required.     The  in- 
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clined  plane  between  the  troughs  was  used  to  hoist,  by  steam, 
timbers  and  supplies  for  the  mines. 

The  dressing-house  was  a  three-story  building,  reported  to 
have  been  well  equipped  with  all  the  necessary  automatic  ma- 
chinery for  the  concentration  of  zinc-  and  iron-ores.  The  zinc- 
ore  was  brought  down  the  trough,  falling  upon  a  grizzly, 
through  which  the  large  lumps  were  broken.  All  the  material 
was  then  passed  into  a  single  log-washer,  where  it  was  given  a 
gentle  sluicing,  to  free  the  ore  from  adhering  clay. 

Because  of  its  porous  structure  and  the  clay  contained  in  the 
cavities,  it  was  necessary  to  treat  the  lump-ore  further  by  pass- 
ing it  through  a  Blake  breaker  and  a  pair  of  Cornish  rolls. 
From  the  rolls  the  ore  passed  to  conical  revolving  screens, 
where  it  was  sized;  the  large  pieces  dropped  upon  a  steel-plate 
conveyor  and  were  hand-picked.  The  small  pieces  passed 
down  to  four  sets  of  Parson  jigs,  on  which  they  were  thor- 
oughly concentrated.  The  tailings,  resulting  from  this  treat- 
ment, were  passed  through  a  spitzkasten  or  classifier,  and 
thence  to  two  Harz  jigs.  The  slimes  were  discharged  into  a 
slime-pond,  from  which  the  muddy  water  was  drained  off  into 
the  river. 

The  capacity  of  the  dressing-house  is  reported  to  have  been 
80  tons  of  concentrated  zinc-ore  per  day  of  10  hr.  The  yield 
is  said  to  have  been  approximately  one-third  of  the  crude  ore 
treated,  and  the  product,  dried  at  212°  F.,  is  reported  of  the 
following  average  composition  : — 

ZnO,  47.61;  (metallic  Zn,  38.08);  SiO,,  29.37;  Fe,03,  Al.O,, 
9.23;  CaCO^,  4.54;  MgCOg,  2.07;  H,0  (combined),  8.23;  Pb, 
tr. ;  total,  101.05  per  cent. 

A  roasting  plant,  consisting  of  an  8-ft.  Taylor  gas-producer 
and  a  30-ft.  cylindrical  roaster,  was  operated  for  expelling  the 
moisture  from  the  ore. 

The  Ausiinville  Ores. — The  run-of-mine  ore  at  Austinville  is 
said  to  average  in  composition  from  28  to  30  per  cent,  of  zinc 
(metallic),  from  8  to  10  per  cent,  of  lead  (metallic),  and  from  8 
to  10  per  cent,  of  iron  (metallic).  A  brief  sketch  is  here  given 
of  the  method  of  treating  the  Austinville  ore  from  the  time 
it  is  mined  until  it  is  ready  for  the  furnaces  at  Pulaski.  A 
general  view  of  the  Austinville  Zinc-  and  Lead-Mines  plant  is 
given  in  Fig.  3. 
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Fig.  2. — General  Vikw  in  the  Mine  Openings  at  Ivanhoe,  Virginia, 
Showing  the  Irregular  Limestone  Surface  Weathered  into  pin- 
nacles OR  "Chimneys."     (Photograph  by  H.  Ries. ) 


Fig.  3. — General  View  of  the  Austixville  Zinc-  and  Lead-Mines  Plant. 
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Fjg.  4. — The  Oxide-Furnaces  at  Austinville,  Virginia. 


Fig.  5. — Roasting-Furnace  for  Treating  Zinc-Skimmings. 
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The  ore,  as  mined,  is  carried  by  trolley  to  tipples,  from 
which  it  is  carried  by  tram-cars  to  the  mill,  and  dumped  on 
a  4-in.  grizzl}-;  thence  to  a  log-washer  through  a  9-  by  15-in. 
Blake  breaker  set  at  1.5  in.;  and  thence  to  14-  by  24-in.  cor- 
rugated rolls  set  at  6  mm.  From  the  corrugated  rolls  the  ore 
is  carried  to  a  second  log-washer,  thence  to  elevator  and  sizing- 
screens  of  6-mm.,  2-mm.,  and  1-mm.  mesh,  respectively. 

The  oversize  from  the  6-mm.  screen  goes  to  smooth  rolls,  12 
by  18  in.  in  size,  and  is  returned  to  the  system  or  second  log- 
washer.  The  undersize  from  the  6-mm.  on  2-mm.  screen  goes 
to  the  4-compartment  Cooley  jigs;  1st  hutch  and  side-draw 
making  clean  lead ;  2d  hutch  and  side-draw,  middling,  re- 
crushed  and  returned  to  the  system  or  second  log-washer;  3d 
and  4th  hutches,  clean  zinc.  Tails  are  passed  to  settling- 
boxes  ;  head  of  boxes  reworked.  Lighter  material  goes  to  the 
oxide  furnaces. 

Undersize  from  2-mm.  on  1-mm.  screen  goes  to  the  5-com- 
partment  jigs ;  1st  and  2d  hutches  and  side-draw  making  clean 
lead;  3d  hutch  and  side-draw,  middling;  4th  and  5th  hutches 
and  side-draw,  clean  zinc.     Tails  go  to  boxes. 

Undersize  from  1-mm.  screen  goes  to  a  3-compartment  clas- 
sifier; 1st  and  2d  draw  to  6-compartment  jigs;  1st  and  2d 
hutches  and  side-draw  making  clean  lead ;  3d  and  4th  hutches 
and  side-draw,  middling;  5th  and  6th  hutches  and  side-draw, 
clean  zinc.     Tails  go  to  boxes. 

Third  draw  from  classifier  and  overflow  goes  to  the  3-com- 
partment double  jigs;  1st  and  2d  hutches  making  clean  lead ; 
3d  hutch,  middling,  reworked.     Tails  go  to  boxes. 

The  middlings  and  tails  from  all  jigs  are  treated  in  4-com- 
partment jigs,  as  described  above.  The  overflow  from  1st  and 
2d  log-washer,  except  the  lower  end  or  lighter  material,  goes 
to  settling-boxes,  25  ft.  long  and  8  ft.  wide  ;  thence  to  the  oxide 
furnace. 

The  lead-concentrates — averaging,  lead,  57;  zinc,  4.8;  and 
iron,  3.29  per  cent. — go  to  the  Scotch  hearth  furnace,  which 
makes  metallic  lead  and  gray  slag,  the  latter  averaging,  lead, 
31;  zinc,  25;  and  iron,  13.3  per  cent.  This  slag  goes  to  the 
slag-furnace,  which  makes  metallic  lead  and  slag,  averaging 
3.5  per  cent,  of  lead. 

The  zinc-concentrates  are  carried  bv  tram-cars  from  the  mill 
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to  the  separators,  where  they  are  put  through  a  revolving  dryer 
to  expel  moisture  and  combined  water  to  the  amount  of  7  per 
cent.  Thence  to  a  water-cooled  scraper-conveyor,  to  the  top 
of  building  by  elevator,  to  sizing-screens  of  0.5-mm.,  1-mm., 
2-mm.,  and  0.25-in.  holes.  Oversize  from  0.25-in.  screen  is 
returned  to  12-  by  14-in.  rolls  set  close.  Undersize  re-enters 
the  system.     From  screen  to  bins,  four  sizes. 

The  four  sizes,  which  pass  through  screens,  go  to  Wetherill 
magnetic  separators,  one  4-  and  one  6-magnet  machine ;  the 
smallest  sizes  going  to  the  smaller  machine.  Heads  from  sepa- 
rators, containing  iron,  47,  and  zinc,  from  5  to  7  per  cent.,  are 
shipped  to  the  iron-furnace.  Tails  from  separators,  containing 
zinc,  43.5 ;  iron,  from  5  to  6 ;  and  lead,  15  to  20  per  cent.,  are 
shipped  to  the  zinc-furnace.  The  capacity  of  the  mill  is  about 
90  tons  of  raw  ore  per  day  of  10  hours. 

Zinc-Oxide  Plant. — This  plant,  consisting  of  12  furnaces,  has 
only  recently  been  added,  mainly  for  the  purpose  of  utilizing 
the  low-grade  ore  and  tailings,  which  were  formerly  discarded. 
After  thorough  testing,  the  plant  has  proved  entirely  satisfac- 
tory. The  grade  of  ore,  including  tailings,  used  for  making  the 
oxide,  will  average  from  15  to  20  per  cent,  of  metallic  zinc. 
The  zinc  oxide  is  conducted  from  the  furnaces,  through  a  3-ft. 
iron  cylinder,  600  ft.  long,  where  it  loses  nearly  all  of  its 
heat  in  transit,  into  bags.  At  present,  the  zinc  oxide  is  sent 
to  the  Pulaski  furnaces,  where  it  is  used  for  making  spelter. 
No  attempt  is  made  to  purify  the  zinc  oxide  sufficiently  to  mar- 
ket it  as  zinc-white.  As  now  made,  the  zinc  oxide  is  white, 
contains  about  4  per  cent,  of  lead,  and  averages  from  70  to  80 
per  cent,  of  metallic  zinc.  A  view  of  the  zinc-oxide  plant  at 
Austinville,  Va.,  is  given  in  Fig.  4. 

The  successful  operation  of  this  plant  at  Austinville  is  of 
great  importance,  since  it  conclusively  points  out  a  method  for 
utilizing  low-grade  zinc-ores,  which  elsewhere,  it  is  claimed, 
cannot  be  profitably  worked  for  making  spelter. 

The  Bertha  Smelting-Plant. 

Location  and  Equipment. — The  only  zinc-smelting  plant  in  the 
South,  located  at  Pulaski,  Va.,  is  owned  and  operated  by  the 
Bertha  Mineral  Co.  This  plant  was  built  soon  after  the  be- 
ginning of  zinc-mining  at  Bertha,  "Wythe  county,  Va.,  in  1879. 
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It  was  remodeled  and  enlarged  in  1886,  and,  at  present,  it  con- 
sists of  10  large  smelting-furnaces,  ore-sheds  or  bins,  refiners, 
coal-pit,  engine-room,  pottery,  metal-storage  houses,  and  a 
roasting-furnace.  Sufficient  railway-trackage  is  in  operation 
around  the  plant  for  shifting  the  cars ;  and  a  narrow-gauge  road 
is  operated  between  the  plant  and  the  company's  coal-mine  at 
Altoona,  from  which  all  the  coal  formerly  used  was  derived ; 
but,  at  present,  only  the  "firing"  coal  or  reducing-material  is 
obtained. 

Furnaces. — The  10  furnaces  are  of  the  Belgian  type,  hand- 
fired,  built  in  5  blocks  of  2  furnaces  each,  placed  back  to  back. 
The  furnaces  are  8  ft.  deep,  30  ft.  wide,  and  24  ft.  from  top  to 
bottom  of  foundation.  They  have  an  average  capacity  of 
20,000  lb.  of  spelter  every  24  hr.  The  capacity  of  each  fur- 
nace varies  from  1,800  to  3,000  lb.  of  metal  per  24  hr.,  de- 
pending on  the  grade  of  ore  used.  Each  furnace  consists  essen- 
tially of  a  large  skeleton  combustion-chamber,  lined  in  the  back 
with  lire-brick,  and  having  an  iron  frame-work  front.  The  re- 
torts are  inserted  from  the  front,  with  the  hack  ends  resting  on 
a  fire-brick  support,  built  out  from  the  back  lining,  so  that  when 
in  position  the  retorts  incline  slightly  toward  the  front  of  the 
furnace.  Each  furnace  is  fitted  with  140  retorts,  arranged  in 
seven  rows  of  20  each. 

The  grates,  placed  from  3.5  to  4  ft.  below  the  lowest  row  of 
retorts,  are  from  10  to  12  in.  wide  and  13  ft.  long.  A  pecu- 
liarity is  that  the  grates  have,  besides  the  three  solid  bars  placed 
lengthwise,  two  hollow  bars,  arranged  one  on  either  side  next  to 
the  wall.  These  are  charged  with  water  under  pressure.  Along 
the  tops  of  the  hollow  bars  are  perforations,  through  which  the 
water  escapes  when  it  is  turned  on  at  intervals.  These  water- 
sprays  strike  the  under-side  of  the  cinder,  forming  on  the 
grate,  and  serve  to  break  it  up  thoroughly,  so  that  the  ash  is 
fine  and  pulverulent.  This  produces  a  clear  fire  and  a  cool  ash- 
pit. Pocahontas  coal  is  used,  and,  on  account  of  its  high 
grade  and  the  clean  grates  resulting  from  the  use  of  the  water- 
spray,  described  above,  its  consumption  is  low.  A  fairly  uni- 
form heat  is  obtained  over  all  the  furnaces. 

The  fire-boxes  are  narrow,  deep  and  long.  The  furnaces  are 
fired  from  either  end,  the  entire  length  of  the  grate-surface 
being  26  ft.,  with  a  sloping  divide  in  the  middle,  and  chimney- 
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draft.  A  very  heavy  bed  is  used,  so  that  each  furnace  practi- 
cally becomes  a  gas-producer.  The  doors  are  closed,  and  air 
is  introduced  through  small  holes  in  the  front  of  the  furnace, 
which  can  be  closed  as  needed.  Additional  draft  is  provided 
above  the  furnace  for  regulating  the  heat. 

Retorts  and  Condensers. — The  retorts  used  are  either  round 
or  oval.  The  dimensions  of  the  round  retorts  are  :  length,  4  ft. 
2  in.;  inside  diameter,  8  in.;  thickness,  1.5  in.;  capacity,  1.454 
cu.  ft.  The  oval  or  elliptical  retorts,  of  a  capacity  of  1.228  cu. 
ft.,  are  placed  in  the  lower  rows  of  the  furnace,  each  retort 
being  so  placed  that  its  greater  diameter  is  in  a  vertical  posi- 
tion. The  retorts  were  all  made  at  the  company's  plant  on  a 
Wooley  tile-machine,  of  a  capacity  of  100  retorts  per  day  of  10 
hr.  These  retorts  are  made  from  the  best  grade  of  St.  Louis, 
Mo.,  fire-clay,  which  is,  perhaps,  not  so  refractory  as  some  other 
more  siliceous  clays,  but  is  regarded  as  the  best  material  for 
this  purpose. 

After  coming  from  the  machine,  the  retorts  are  arranged  in 
a  drying-room  for  two  weeks,  and  held  at  a  constant  tempera- 
ture of  about  80°  F.  They  are  then  placed  in  a  second  room, 
the  temperature  of  which  is  100°  F.,  where  they  are  kept  for 
two  months.  Just  before  being  placed  in  the  furnace  the  re- 
torts are  stacked  in  kilns  and  fired  for  16  hours. 

The  condensers  are  21  in.  long  and  3.5  in.  in  diameter  at 
one  end,  the  other  end  being  slightly  smaller  than  the  retorts. 
These  are  all  made  of  local  clay,  mixed  with  powder  made  by 
grinding  up  old  retorts.  Shortly  before  being  used  or  placed  in 
position,  they  are  washed  inside  with  a  mixture  of  water  and 
fire-clay,  in  order  to  prevent  the  metal  from  soaking  into  them. 
The  retorts  are  luted  to  the  condensers  with  a  mixture  of  one- 
third  clay  and  two-thirds  coal,  enough  water  being  added  to 
bring  the  mixture  to  the  proper  consistency. 

Materials  Used  in  Charging. — At  present,  the  materials  used 
in  charging  are :  local  ores,  including  the  silicate  and  carbon- 
ate of  zinc;  crude  zinc  oxide,  containing  from  70  to  80  per 
cent,  of  metallic  zinc,  and  made  from  local  ores  at  Austinville ; 
willemite,  anhydrous  zinc  silicate,  from  Franklin,  ^N".  J.,  aver- 
aging 48  per  cent,  of  metallic  zinc;  zinc  flue-dust  from  the 
iron-furnaces;  and  zinc-skimmings  from  the  galvanizers,  which 
are  first  given  a  preliminary  roasting  in  a  special  furnace  in  order 
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to  drive  off  the  ammonia  and  chlorine.  The  zinc-skimmings 
are  easily  fired,  and  are  usually  smelted  alone.  ISTo  sulphide 
ores  are  handled  at  present.  Fig,  5  is  a  view  of  the  furnace 
for  roasting  zinc-skimmings. 

As  a  rule,  the  ore,  as  delivered  at  the  plant,  is  ready  for  the 
furnaces,  it  being  sized  to  pass  about  a  6-mm.  mesh  screen. 
Some  lump  ore,  however,  is  received,  which  is  crushed  and 
sized  to  a  J-in.  mesh  size  before  using.  The  retort-charges  are 
usually  mixed,  though  some  of  the  furnaces,  as  occasion  de- 
mands, are  run  on  special  material  alone,  such  as  the  zinc 
oxide  from  Austinville.  The  only  difficulty  in  smelting  the 
oxide  alone  is  the  slight  tendency  to  "  ball  up,"  which  makes 
it  necessary  to  introduce  a  mechanical  mixer  in  order  to  pro- 
duce a  more  intimate  contact  between  the  ore  and  the  carbon. 
For  this  reason  the  oxide  is  usually  mixed  with  some  ore  before 
smelting. 

The  charges,  consisting  of  ore  and  fuel,  mixed  in  the  proper 
proportions,  are  wheeled  to  the  furnaces,  moistened  with  water, 
and  mixed  on  the  hearth  by  shoveling.  The  charges  are  all 
mixed  by  weight.  At  present,  the  oxide,  willemite,  crude  ore, 
coal  and  coke  are  mixed  on  the  hearth,  as  described,  and  used 
for  charging.  The  mixture  and  fuel  are  charged  tightly  into 
the  retorts ;  a  condenser  is  then  inserted  into  the  mouth  of  each 
retort,  and  luted  and  sealed  perfectly  tight. 

Distillation  and  Tapping. — The  furnaces  having  been  made 
ready  and  fired,  the  reduction  of  the  zinc  in  the  retorts  takes 
place  according  to  the  following  formula :  ZnO  -f  C  =  Zn  +  CO. 
The  CO  acts  as  a  further  reducing  agent,  thus :  ZnO  +  CO  = 
Zn  -f  COj.  The  zinc  vapor  passes  from  the  retorts  into  the  con- 
densers, where  it  collects  in  the  form  of  molten  metallic  zinc. 
Three  taps  are  made  during  a  run  of  24  hr.,  and  after  the 
last  tap  is  made,  the  fires  are  allowed  to  slacken,  the  con- 
densers are  removed,  and  the  retorts  are  thoroughly  cleaned 
with  an  iron  rabble.  Each  retort  is  tested  with  a  hook  before 
recharging,  so  as  to  be  sure  of  its  being  thoroughly  clean ; 
and  it  is  also  inspected  for  holes  and  cracks.  It  is  claimed  that 
the  retorts  cannot  be  cleaned  by  blowing  out  with  steam,  as 
practiced  in  the  West,  on  account  of  the  siliceous  character  of 
the  materials  used.  The  time  required  to  complete  the  process 
at  the  Virginia  furnaces  is  longer  than  at  the  western  furnaces, 
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SO  that,  iu  the  case  of  the  former,  the  furnaces  are  cooler  for  a 
longer  time  than  at  the  western  ones.  The  breakage  of  retorts 
is  small,  being  only  from  0.6  to  0.9  per  ton  of  ore  smelted. 

Spelter. — Three  grades  of  spelter  are  produced,  branded,  ac- 
cording to  purity:  "  Bertha  Pure  Spelter ;"  "  Old  Dominion  " 
and  "  Southern."  The  Bertha  Pure  Spelter  has  a  world-wide 
reputation,  and  is  sold  under  guarantee  of  99.98  per  cent,  of 
metallic  zinc.  The  following  analyses  afford  an  excellent  idea 
of  its  purity : 

Sample  I.  Sample  II.  Sample  III. 

Zinc  (by  difference),  .         .         .         .  99.949  99.981  99.963 

Iron, 0.010  '      0.019  0.012 

Lead, 0.035  trace  0.012 

Sulphur,      ......  none  trace  0.001 

Silicon, 0.206  none  0.202 

Carbon,        .         .         ....  trace  none  none 

Arsenic,      ......  none  none  none 

As  will  be  noted  from  the  above  analyses,  the  Bertha  Pure 
Spelter  is  practically  free  from  all  impurities.  It  is  extensively 
used  abroad  and  in  the  United  States  for  Government  work. 
It  is  produced,  in  part,  directly  from  the  furnace ;  but  it  can  be 
produced  from  either  of  the  other  brands.  Old  Dominion  or 
Southern,  by  refining  in  a  special  patented  furnace,  in  which 
the  metal  is  redistilled  carefully  in  order  to  avoid  carrying  over 
any  of  the  lead.  The  Old  Dominion  brand  of  spelter  contains 
from  0.2  to  0.4  per  cent.,  and  the  Southern  brand  from  0.8  to 
1  per  cent,  of  lead. 

The  plant  of  the  Bertha  Mineral  Co.  is  famed  for  the  high 
grade  of  its  spelter.  To  some  extent  this  is  due  to  the  purity 
of  the  materials  used,  being  specially  free  from  iron,  and  to  the 
fact  that  carbonate  and  silicate  ores  only  have  been  used ;  the 
chief  reason,  however,  is  because  of  the  good  furnace-work. 

Tests. 

Some  very  interesting  and  important  tests  at  the  Pulaski 
plant  have  recently  been  conducted  on  low-grade  mixed  ores. 
One  of  the  most  important  of  these  was  on  a  lot  of  mixed  car- 
bonate and  sulphide  ores  from  north  Arkansas.  It  was  found 
necessary,  first  to  give  the  mixture  a  roasting  in  order  to  desul- 
phurize the  blende  present  in  the  mixture.  By  giving  the 
mixture  a  slow  roasting  the  sulphur  was  driven  oif  without  loss 
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of  the  zinc  iu  the  carbonate,  and,  at  the  same  time,  the  carbonate 
was  benelited  by  having  the  carbon  dioxide  expelled.  The  suc- 
cess of  this  experiment  has  resulted  in  the  willingness  of  the 
Bertha  plant  to  treat  the  Arkansas  ore,  which,  at  present,  is 
somewhat  of  a  drug  on  the  western  market.  This  probably 
opens  up  a  better  future  for  the  Arkansas  ores,  and,  at  the  same 
time,  points  to  an  additional  source  of  ore-supply  for  the  Vir- 
ginia plant. 

Whenever  it  was  possible  to  get  Tennessee  ore,  that  has  been 
used.  However,  the  lime  present  in  the  Tennessee  sulphide 
ores  seems  to  interfere  with  the  work,  since,  by  desulphurizing 
the  ore,  calcium  sulphate  is  formed,  which  cannot  be  removed. 
Perhaps  the  principal  reason  for  this  is  the  finely  dissemi- 
nated character  of  this  ore.  This  objection  can  be  met,  how- 
ever, and  a  reasonably  clean  concentrate  carrying  little  or  no 
lime  can  be  produced,  by  carefully  milling,  jigging  and  tabling 
the  ore. 

The  Bertha  Mineral  Co.  has  not  been  producing  ore  from  its 
property  during  the  past  year,  for  the  reason  that  it  has  been 
and  is  still  engaged  in  exploiting  and  developing  the  very 
promising  bodies  of  sulphide  ore  at  Austinville. 

Future  Development. 

From  the  beginning  of  mining  zinc-ores  in  southwestern  Vir- 
ginia to  the  present  time,  about  35  years,  attention  has  been 
given  exclusively  to  the  removal  of  the  soft  or  oxidized  ores, 
the  carbonate  and  the  silicate.  Now  that  the  known  supply  of 
these  ores  in  the  district  is  rapidly  diminishing,  the  problem  in 
the  future  will  be  that  of  mining  sulphide  ores.  Already  con- 
siderable activity  is  manifested  over  both  the  Virginia  and 
Tennessee  districts  in  prospecting  for  and  developing  sulphide 
ores.  Very  encouraging  results  are  obtained  in  places,  and 
there  seems  snfiieient  reason  for  regarding  the  district  as  a 
promising  one  for  workable  bodies  of  sulphide  ores. 

The  very  favorable  location  of  the  district  as  regards  abun- 
dant fuel-supplies,  cheap  labor  and  ample  transportation-facili- 
ties, should  make  it  possible  to  work  lower-grade  ores  more 
profitably  than  in  many  of  the  central  and  western  districts. 

The  ores  yet  found  are  in  the  Shenandoah  limestone,  or  its 
equivalent  in  East  Tennessee,  the  Knox  dolomite.     The  Shen- 


318        MINING,    PREPARATION    AND    SMELTING    OF    ZINC-ORES. 

andoali  limestone  includes  all  of  the  Knox  formation  and  at 
least  1,500  ft.  of  Cambrian  strata  beneath  it.  The  ores  appar- 
ently extend  from  near  the  bottom  to  the  top  of  the  limestone, 
and  they  are  closely  associated  with  the  folding,  faulting  and 
brecciation  of  the  district. 

Tennessee. 
Conditions  similar  to  those  in  Virginia  exist  in  the  Tennessee 
district.  The  same  ores  are  found,  and,  as  in  Virginia,  much 
of  the  zinc-mining  in  Tennessee  has  been  done  on  the  soft  ores, 
smithsonite  and  calamine,  which  are  alteration-products  from 
the  original  sulphide,  sphalerite.  At  the  present  time,  atten- 
tion has  been  chiefly  directed  to  the  exploiting  of  sulphide  ores, 
and,  during  the  past  12  or  18  months,  much  testing  has  been 
in  progress  over  parts  of  the  district,  principally  in  the  form  of 
drilling.  This  is  particularly  true  of  the  Holston  River  area, 
in  Knox  and  Jeiferson  counties,  and  the  results  seem  quite  en- 
couraging. At  least  two  other  areas  in  Tennessee — namely,  the 
Straight  Creek  and  Powell  River  areas — show  equally  encourag- 
ing results  in  the  presence  of  workable  sulphide  ores.  From 
the  very  nature  of  the  deposits,  the  methods  of  mining  and 
preparation  of  the  ores  in  the  two  States  are  closely  similar. 
The  Tennessee  ores  have  been  shipped,  in  part,  to  the  Virginia 
smelter  at  Pulaski,  and  in  part  to  the  Indiana  smelter  at  Marion. 
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A  Novel  Method  of  Mining  Kaolin. 

BY  ALBERT  R.  LEDOUX,  NEW  YORK,  N.  Y. 

(Bethlehem  Meeting,  February,  1906.) 

I  AM  indebted  to  The  Kaolin  Co.  of  West  Cornwall,  Conn., 
and  particularly  to  its  engineer,  Mr.  M.  Wanner,  for  permis- 
sion to  make  public,  through  the  Transactions  of  the  American 
Institute  of  Mining  Engineers,  the  interesting  results  of  his 
experiments,  having  in  view  the  winning  of  kaolin  from  deep 
deposits  without  shaft-sinking  or  removing  of  the  overburden. 
So  far  as  I  am  aware,  nothing  like  it  has  been  accomplished 
heretofore,  although  it  reminds  one  of  the  methods  success- 
fully employed  in  Louisiana  for  the  winning  of  sulphur  from 
deep  beds  by  the  sinking  of  pipes  one  within  another,  injecting 
superheated  steam  under  pressure  through  one  pipe,  the  heat 
of  the  steam  liquefying  the  sulphur  and  the  pressure  forcing  it 
up  through  the  other  pipe  to  bins  at  the  surface. 

The  kaolin-deposit  at  West  Cornwall  is  an  alteration  m  situ — 
that  is,  it  is  not  sedimentary.  A  series  of  clay-veins,  dipping 
about  50°  from  the  vertical,  lie  between  a  foot-wall  of  limonite 
and  a  hanging-wall  of  gneiss  and  hornblende  schist.  The  clay- 
veins  alternate  with  veins  or  seams  of  more  or  less  broken 
quartz,  and  unaltered  feldspar.  The  deposit,  which  occurs  at  a 
point  about  600  ft.  above  the  Housatonic  river,  was  opened  five 
years  ago,  and  about  5,000  tons  of  a  superior  grade  of  washed 
kaolin  have  been  extracted  from  open  pits,  and  sold.  It  soon 
became  evident  that  this  mode  of  extracting  the  product  would 
prove  un remunerative,  by  reason  of  the  dip  of  the  vein  and  the 
intercalary  strata  and  lenses  of  quartz,  and  a  more  satisfactory 
method  of  working  the  deposit  was  sought.  It  is  well  under- 
stood that,  in  the  preparation  of  all  clays  for  market,  espe- 
ciall}'  residuary  kaolin,  the  most  important  as  well  as  the  most 
difficult  step  is  the  washing  of  the  crude  product.  The  difficul- 
ties increase  with  the  percentage  of  foreign  matter,  especially 
quartz  and  mica,  contained  in  the  product.     Hence,  a  system 
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of  working  a  clay-deposit  by  which  it  would  be  possible  to 
obtain  the  crude  material  from  great  depths  without  removing 
the  overburden  (or,  in  the  case  of  veins,  without  resorting  to 
shafts,  drifts  and  other  underground  workings  requiring  tim- 
bering), and,  at  the  same  time,  minimize  the  raising  of  waste 
material  with  the  marketable  product,  would  be  of  great  ad- 
vantage. 

Proceeding  on  the  logic  of  these  observations,  Mr.  Wanner, 
the  engineer  temporarily  in  charge  of  the  operations  at  the 
mines,  conceived  the  scheme  of  disintegrating  the  kaolin  in  situ 
by  means  of  jets  of  water  under  sufficient  pressure,  and  floating 
the  resultant  product  to  the  surface.  This  product  is  technically 
known  in  the  pottery  trade  as  "slip."  To  accomplish  this 
result,  holes  are  drilled  through  the  overlying  gneiss,  a  pipe  of 
4-in.  internal  diameter  is  inserted  into  the  bore  and  driven  into 
the  clay  body  to  within  a  few  feet  of  the  foot-wall.  The  wells 
in  operation  are  from  50  to  198  ft.  deep.  Into  this  4-in.  pipe, 
or  "casing,"  an  interior  pipe  of  2-in.  external  diameter  is  in- 
serted, leaving  an  annular  space  of  1  in.  for  the  upward  flow 
of  the  slip.  The  lower  end  of  the  internal  pipe  is  provided 
with  a  mouthpiece  with  several  nozzle-like  openings  for  the 
exit  of  the  water;  the  mouthpiece  rests  on  the  clay  body,  and 
the  interior  pipe  sinks  gradually  as  the  clay  is  removed  until 
it  rests  on  the  foot-wall  of  the  vein.  For  the  operation  of  these 
"  hydraulics  "  a  head  of  water  is  required,  equivalent  to  a  pres- 
sure of  from  40  to  60  lb.  per  sq.  in.,  according  to  the  nature 
of  the  vein-matter. 

Residuary  kaolin  slacks  more  or  less  readily,  according  to 
the  amount  of  sand  and  mica  mixed  with  it.  In  the  case  in 
point,  it  has  been  found  that  a  pressure  of  40  lb.  is  amply  suf- 
ficent  to  cause  the  disintegration.  The  vein-matter  contains 
20  per  cent,  and  the  slip,  discharged  by  the  hydraulics,  from  60 
to  75  per  cent,  of  pure  kaolin.  The  purity  of  the  discharged 
slip  is  inversely  proportional  to  the  velocity  of  the  overflow. 

Observations  made  during  the  past  summer's  work  have 
shown  that  the  overflow  contains  from  5  to  10  per  cent,  of  solid 
matter.  A  discharge  of  100  gal.  per  min.  through  the  annular 
space  of  9.42  sq.  in.  from  a  depth  of  127  ft.  yielded  5  per  cent, 
of  solid  matter,  of  which  75  per  cent,  was  pure  kaolin,  while  a 
discharge  of  200  gal.  per  min.  through  the   same  orifice  from 
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the  same  depth,  gave  a  slip  containing  10  per  cent,  of  solid 
matter  but  only  54  per  cent,  of  pure  kaolin,  the  rest  being 
finely-divided  quartz  and  mica. 

One  of  the  factors  directly  responsible  for  the  purity  of  the 
slip,  as  well  as  for  the  facility  of  the  separation  or  washing 
of  the  product,  is  the  accumulation  of  the  waste  material  in 
the  cavities  formed  by  the  withdrawal  of  the  product,  through 
which  the  slip  has  to  pass  to  arrive  at  the  lower  orifice  of  the 
casing.  This  mass,  which  consists  principally  of  a  breccia  of 
quartz,  acts  as  a  scouring  medium,  and  the  passage  of  the  slip 
through  it  effectively  helps  in  the  separation  of  the  clay  par- 
ticles from  associated  fine  scales  of  mica,  and  renders  easy  its 
final  division  by  subsidence. 

In  addition  to  the  lessening  of  the  cost  of  extraction,  the 
method  described  has  effectually  solved  the  problem  of  trans- 
porting the  product  to  the  railroad.  Heretofore,  the  kaolin, 
washed  and  dried  at  the  mines,  was  carted  by  teams  over  a  diffi- 
cult mountain  road  to  West  Cornwall,  4  miles  distant.  The  fuel 
for  the  whole  plant  had  to  be  hauled  up  the  mountain  the  same 
distance.  With  slip  issuing  from  the  hydraulics  of  only  10  per 
cent,  of  solid  matter  and  sufficient  fineness  to  pass  through 
100-mesh  screens,  the  conveyance  of  the  product  through  a 
pipe-line  to  the  Housatonic  valley  offers  no  difficulty,  and  the 
company  now  contemplates  the  erection  of  a  new  washing- 
plant  adjacent  to  the  river  and  railroad. 
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Gold-Dredging  in  the  Urals,  with  Notes  on  Dredging 
in  Siberia. 

BY  WILLIAM  H.  SHOCKLEY,  NEW  YORK,  N.  Y. 

(Bethlehem  Meeting,  February,  1906  ) 

[Secretaby's  Note. — The  following  notes,  arranged  and  edited  in  this  office, 
but  not  yet  revised  by  the  author,  were  placed  at  my  disposal  with  much  modest 
hesitation  (due  to  their  incomplete  and  fragmentary  character),  upon  my  earnest 
request,  and  my  argument  that  such  recent  and  trustworthy  data  concerning  a 
new  and  important  mining  industry  ought  not  to  be  withheld  from  our  Transac- 
tions, simply  because  they  are  not  sufficient  to  constitute  a  complete  academic 
treatise  on  the  subject.  This  argument  is  recommended  to  the  attention  of  many 
other  members,  who  are  waiting  for  the  opportunity  to  contribute  something 
"  monumental"  to  our  Transactions.  In  a  number  of  instances,  death  has  nulli- 
fied this  ambition,  and  the  intended  "monumental  "  contribution  has  turned  out 
to  be  an  obituary  notice  by  the  Secretary,  instead  of  a  valuable  record  of  the 
professional  experience  thus  hopelessly  lost  to  the  world. — E.  W.  R.] 

The  official  publications  of  the  Russian  Government  give 
fairly  complete  statistics  of  the  dredges  operated  in  the  Em- 
pire; and  in  a  recent  English  bluebook,  Mr.  Cook's  report  on 
Siberian  Trade  presents  a  brief  account  of  dredging  in  Si- 
beria. The  data  in  Table  I.  (not  given  by  Mr.  Cook)  have  been 
taken  from  the  Gold  Mining  Messenger  (Russian)  for  July, 
1905.  These  interesting  statistics,  though  incomplete,  show 
that  the  Yenisei  dredges  are  working  on  poor  ground  and 
yield  small  returns.  According  to  report,  but  few  yield  a  profit 
exceeding  10  per  cent,  per  annum  on  the  capital  invested. 

In  the  summers  of  1904  and  1905,  I  traveled  in  the  Urals  as 
far  north  as  lat.  61°  N.,  long.  61°  E.,  on  the  Losva  river,  a 
part  of  the  vast  system  of  the  Ob  river.  This  clear-water  stream 
starts  from  the  summits  of  the  Urals  at  an  altitude  of  4,000  ft., 
and  flows  through  a  flat  country,  densely  wooded  with  larch, 
spruce,  pine,  fir,  birch  and  poplar.  The  river  is  full  offish,  and 
is  navigable  for  good-sized  steamers  as  far  as  Ivdell.  Winter 
lasts  from  early  N'ovember  to  late  April,  the  temperature  rang- 
ing from  -60°  F.  to  a  summer  maximum  of  90°  F.  The  rain- 
fall is  20   in.     The  climate  is  healthy,  although  mosquitoes, 
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black  flies  and  gnats  are  pests  in  summer.  Winter  is  the  season 
for  travel,  prospecting  and  forestry.  The  population,  chiefly 
of  Finnish  type,  is  scanty  and  independent.  Tartars,  from  Kazan 
on  the  Volga,  do  much  of  the  hard  work  in  the  mines.  There 
is  but  little  agriculture,  the  people  being  supported  by  fishing, 
hunting  and  mining. 

The  route  to  this  section  is  from  St.  Petersburg  via  the  lately- 
finished  railway  to  Viatka  and  Perm,  to  Goroblagodatskaia 
("the  blessed  mountain"),  thence  by  branch-railway  to  Bog- 
oslovsk,  and  by  post-horses  to  Ivdell ;  north  of  this,  the  travel 
is  by  boats  in  summer,  and  by  reindeer-sledges  in  winter. 

Ten  dredges  are  now  operated  in  this  region,  and  eight  more 
are  under  construction.  It  was  thought  that  all  would  be  oper- 
ated in  the  summer  of  1906;  but  political  troubles  have  doubt- 
less interfered  with  this  programme. 

The  southernmost  dredges,  near  Nijni  Tura,  belong  to  the 
Societe  Industrielle  du  Platine,  of  Paris,  which  employs  8,000 
men,  and  practically  controls  the  platinum-industry.  There  are 
two  of  these  dredges,  both  formerly  used  on  the  Suez  Canal. 
The  first  removes  12  ft.  of  top  soil,  which  is  not  washed  ;  and 
the  second  digs  and  washes  the  remaining  5  ft.,  which  is  pay- 
dirt.  The  expense  of  this  double  working  is  reported  to  be  25c. 
per  cu.  yd.  Two  Bucyrus  dredges  are  being  built  for  this  com- 
pany bj'  the  Putiloft"  works  of  St.  Petersburg. 

The  San  Galli  Co.  works  a  Bucyrus  dredge  in  a  swift  stream 
flowing  by  slate  clift's,  a  few  miles  north  of  Nijni  Tura.  This 
stream,  at  first  considered  virgin  ground,  was  afterwards  found 
to  have  been  worked  in  the  past.  The  dredge  excavates  1,200 
cu.  yd.  per  day,  and,  during  the  season,  should  take  out  60,000 
rubles'  worth  of  gold  at  a  cost  of  30,000  rubles.  The  bed-rock 
is  of  hard  slate;  and  boulders  up  to  300  lb.  in  weight  are  of 
common  occurrence.  Two  iron  pans,  15  ft.  in  diameter,  with 
revolving  arms,  are  provided  to  deal  with  the  clay.  While  one 
pan  is  filled  by  the  buckets,  the  outlet-valves  of  the  other  are 
closed,  and  the  retained  material  is  stirred  until  the  clay  is  dis- 
integrated and  the  rocks  cleaned.  In  this  manner,  the  dredg- 
ing-operation  is  uninterrupted.  A  gate,  shutting  oft"  the  feed 
to  the  pans,  and  an  iron  chute,  directing  the  dredged  material 
directly  to  the  tailings-belt,  were  provided ;  but,  unfortunately, 
the  water  carried  up  by  the  buckets  washed  the  dirt  to  the 
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lower  end  of  the  tailings-belt  and  prevented  its  working.  In  or- 
der to  overcome  this  difficulty,  it  has  been  found  necessary  to 
treat  the  gravel  in  the  pans,  even  though  no  clay  be  present. 

Two  dredges  of  the  Kew  Zealand  type,  made  at  ISTeviansk, 
near  Ekaterinburg,  are  on  the  Lobva  river  near  Bogoslovsk, 
One  of  these,  with  an  iron  pontoon,  costing  90,000  rubles  at 
the  maker's  works,  when  first  put  in  the  river,  was  hung  up  on 
a  rock  and  nearly  lost.  The  other,  with  a  wooden  pontoon,  cost 
50,000  rubles  at  the  works.  The  total  expenses,  on  account  of 
the  latter  dredge,  to  August  1,  1905,  are  given  in  Table  II. 

Table  II. — Expense  Account  of  Dredge  at  Lobva  River. 

Rubles. 
Wood,  ....  609.02 

Buildings,  .  .  .  .  4,144.68 
Materials,  ....  6,672.94 
Payment  for  dredge,    .         .     50,100.00 


Rubles. 

General, 

7,578.92 

Notary  and  legal. 

1,400.80 

Pontoon, 

6,153.85 

Excavation  for  pontoon. 

1,055.68 

Prospecting, 

1,395.20 

Peasant  proprietors, 

343.36 

Salaries, 

2,302.66 

Setting-up, 

2,704.48 

Working   expense   for    two 
months,    .... 

Total,  .         .         -         . 


84,461.59 

4,131.59 

88,593.18 


This  dredge  was  built  in  the  winter  of  1904-5  in  a  pit  ex- 
cavated on  the  river-bank.  During  the  construction,  chips, 
shavings,  hay,  and  manure  from  the  teams  employed  in  hauling 
the  dirt,  covered  the  ice  in  the  pit,  and,  by  protecting  it  from 
the  sun's  rays,  retarded  the  spring  thawing  a  full  month.  Dur- 
ing this  delay,  the  river  fell  10  ft.  lower  than  the  dredge.  In- 
stead of  digging  a  diagonal  canal  to  the  river,  the  pit  was 
deepened  vertically  and  the  tailings  were  removed  by  teams. 
Another  month  was  occupied  in  this  work,  giving  a  total  loss 
of  two  months,  due  to  bad  management. 

At  Bogoslovsk,  1,663  prospecting-shafts,  of  an  average  depth 
of  1.75  sagenes  (12.25  ft),  cost,  on  the  average,  17.03  rubles 
($8.50),  equivalent  to  $0.70  per  foot.  In  Alaska,  similar  shafts 
cost  from  |3.50  to  $8  per  foot. 

Neither  of  the  two  dredges  on  the  Lobva  river  yielded  any 
profit  during  1905,  although  the  gravel  carried  16c.  per  cu. 
yard.  In  1904,  the  Bogoslovsk  estate  began  work  with  a  Ne- 
viansk  dredge  of  the  New  Zealand  type  on  the  bed  and  banks 
of  a  small  sluggish  stream,  having  a  total  width  of  200  ft.  The 
gravel  is  soft  for  a  depth  of  14  ft.,  with  5  ft.  of  pay-dirt.     This 
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company  is  building  two  similar  dredges  of  the  New  Zealand 
type,  somewhat  improved  by  a  study  of  illustrated  catalogues 
and  of  the  Bacyrus  dredges  working  in  the  region.  A  Ne- 
viansk  dredge  on  the  Sosva  river,  60  miles  north  of  Bogos- 
lovsk,  stuck  on  a  rock  at  the  beginning  of  the  season,  and  in 
three  months  produced  only  1.5  lb.  of  gold. 

The  most  successful  dredging  in  the  Urals  is  at  Ivdell,  a 
pretty  hamlet  90  miles  north  of  Bogoslovsk;  a  photographic 
view  of  this  town  is  shown  in  Fig.  1.  A  Bucyrus  dredge,  built 
by  the  Putiloff  works  under  the  supervision  of  H.  L.  Lawson, 
an  American  dredge-master,  was  operated  almost  without  a 
stop  during  its  first  season  in  1905.  Fig.  2  is  a  photograph 
of  this  dredge,  which  shows  the  steep  banks  of  the  Ivdell  river 
in  the  background.  It  has  dredged  nearly  a  mile  of  the  Ivdell 
river,  a  swift  stream  200  ft.  wide,  flowing  through  a  limestone 
formation.  The  amount  excavated  daily  is  estimated  at  1,500 
cu.  yards.  The  cost  of  the  dredge  complete,  including  a  Key- 
stone drill  and  some  prospecting-work,  was  140,000  rubles; 
and  the  profit  for  1905  is  estimated  at  65,000  rubles.  A 
duplicate  dredge,  estimated  to  cost  100,000  rubles,  is  under 
construction.  On  all  these  dredges,  tables  are  used  to  save 
the  gold ;  the  Ivdell  dredge  has  shaking  screens ;  the  others, 
revolving  trommels. 

Figs.  3  and  4  illustrate  the  method  of  dredging  by  hand  on 
the  Ivdell  river,  September,  1905. 


Table  III. — Cost  of  Operating  the  Dredge  at  Ivdell,  in  Rubles, 
Worth  Each  About  50c.  U.  S.  Money. 


Per  Month. 

Total. 

3  pilots, @       75 

225 

3  machinists, 

@      75 

225 

3  firemen,      .... 

@      30 

90 

3  oilers, 

@      40 

120 

2  woodmen,  .... 

@      35 

70 

2  clean-up  men, 

@       25 

50 

1  blacksmith. 

@      40 

40 

1  gold-washer. 

.     @      30 

30 

1  dredge-master  (American), 

@     3(j0 

360 

Wood,             .... 

@     300 

300 

Total, 


1,510 


The  maximum  expense  per  month,  including  repairs  and  all 
materials  used,  is  estimated  at  3,000  rubles,  or  |1,500. 
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Fig.  1. — Towx  of  Ivdell,  Northern  Urals. 


Yui.  2.— "BucYRUs"  Dredhe  on  Ivdell  Kiver,  August,  1905. 
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Fig.  3. — "Stakateli"  Hand-Dkedging  on  Ivdkll  Rivee,  September,  1905. 


Fig.  4. — Hand-Dkedging  on  Ivdell  Kiver,  September,  1905. 
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Table  IV. — Cost  of  Supplies  at  ludell. 


Meat,  moose,  per  lb.. 
Meat,  reindeer,  per  lb.. 
Potatoes,  per  lb. , 
Sable  skins,  each,     . 
Sugar,  per  lb.,  . 
Wood,  per  cord, 
Reindeer,  alive,  per  head. 


United  States 

Currency. 

Butter,  per  lb.. 

.     ?0.20 

Fish,  .fresh,  per  lb. , . 

.       0.06 

Fish,  salt,  per  lb.,    . 

.       0.03 

Flour,  per  lb.,  . 

.       0.013 

Hay,  per  ton,    . 

.       5.50 

Labor,  ordinary,  per  day, 

$0.80  to  .50 

Lumber,  per  1,000  ft. 

.       7..50 

Meat,  beef,  per  lb.,  . 

.       0.05 

Un 


ited  States 
Currency. 

$0.03 

0.05 

0.004 

7.50 

0.10 

0.50 

7.50 


From  my  observations,  and  from  conversations  with  H.  L. 
Lawson,  dredge-master  at  Ivdell — an  American  with  10  years' 
experience  in  Montana  and  Idaho — I  conchide  that,  for  suc- 
cessful dredging  in  the  Urals,  the  following  conditions  should 
be  assured : 

1.  The  work  should  be  under  charge  of  an  American  or  IS'ew 
Zealand  dredge-master,  who  has  had  experience  in  cold  coun- 
tries. This  is  a  vital  point.  The  Russian  engineers,  though 
well-educated  and  intelligent,  are  poor  managers. 

2.  Extensive  prospecting  is  needed,  and  can  best  be  done  in 
winter,  by  sinking  shafts  on  the  Siberian  system — i.  e.,  allowing 
the  water  to  freeze,  sinking  a  short  distance,  waiting  for  the 
water  to  freeze  again,  and  eventually  reaching  the  bed  of  the 
river,  even  through  running  water.  (This  method,  however, 
sometimes  fails  in  the  Urals,  owing  to  unfavorable  weather,  or 
the  presence  of  warm  springs.)  Hand-dredges,  worked  by  par- 
ties of  six  men  (or  often  by  three  men  and  three  women),  and 
washing  a  few  yards  daily,  are  useful  for  prospecting  river- 
beds. A  Keystone  drill  should  be  used  in  the  river-banks  by 
every  dredging-company.  In  most  of  the  Ural  rivers,  the 
chief  values  seem  to  be  in  the  streams,  the  banks  paying  very 
little. 

3.  A  small  dredge,  run  by  steam  or  horse-power,  and  cost- 
ing, complete,  not  more  than  $5,000,  would  be  of  value  on 
these  rivers. 

4.  Dredges  should  be  built  on  the  bank  and  launched,  in  or- 
der to  avoid  the  expense  of  a  pit.  Wooden  pontoons  should 
be  used. 

5.  K  prospecting-work  shows  that  there  is  much  clay  in  the 
gravel,  the    enterprise    had   best   be    abandoned,  because   no 


330  GOLD-DREDGING    IN    THE    URALS, 

method  of  dredging  lias  yet  been  devised  that  will  handle  suc- 
cessfully material  of  this  character. 

6.  The  gold,  which  is  uniformly  coarse,  should  be  saved  in 
iron-lined,  wooden  sluices,  and  not  on  tables.  These  sluices 
should  be  120  ft.  long,  like  some  used  in  Montana  dredging. 
The  question  of  sluices  versus  tables  is  still  in  dispute ;  but  the 
advantages  of  the  former  seem  to  me  decisive.  Nuggets  which 
pass  over  ordinary  tables  can  be  saved  in  sluices.  Repairs  to 
sluices  are  trifling  compared  with  the  expense  of  keeping  up 
the  belts  of  tables.  Moreover,  in  a  cold  climate,  a  sluice  can 
be  operated  for  a  number  of  days  longer  than  a  belt  or  a 
bucket-elevator.  The  water  flowing  in  a  large  stream  does  not 
freeze  so  readily ;  and  hence  it  is  not  necessary  to  shut  down 
when  the  first  cold  snap  comes. 

7.  Grizzlies  should  be  provided  to  remove  the  large  stones, 
which  should  first  be  washed. 

8.  Two  boilers  are  needed,  steam  being  kept  in  one  while 
the  other  is  being  cleaned.  In  this  way  less  time  is  lost ;  and 
the  extra  boiler  is  also  useful  for  other  purposes.  All  driving- 
shafts  should  be  bored  longitudinally,  so  as  to  allow  an  obsti- 
nate wheel  or  gear  to  be  loosened  for  removal  by  heating,  the 
shaft  being  kept  cool  by  a  stream  of  water  flowing  through  it. 

9.  For  swift  rivers,  buckets  of  3  cu.  ft.  capacity  are  large 
enough.  These  should  be  closely  set,  and  should  excavate  from 
1,500  to  2,000  cu.  yd.  daily.  For  a  dredge  of  this  capacity, 
the  following  engines  are  advised  :  60-h.p.  for  digging;  60-h.p. 
for  14-in.  pump;  15-h.p.  for  swinging;  15-h.p.  for  trommel; 
15-h.p.  for  elevating  tailings  (not  needed  if  sluice  is  used);  and 
20-h.p.  for  electric  light. 

10.  For  swift  streams,  spuds  are  preferable  to  head-lines  for 
holding  the  dredge  in  place.  The  top  tumbler-shaft  should  be 
adjustable. 

The  mineral  resources  of  the  Urals  are  very  great,  and  there 
is  an  immense  field  for  dredging  in  the  Russian  Empire.  When 
the  present  political  troubles  have  passed  away,  the  industry  will 
exhibit  a  rapid  development. 

The  Russian  laborer  is  very  good,  considering  his  wage ;  and 
the  ofiicials,  though  sometimes  troublesome,  yield  to  tact  and 
other  influences. 
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Crushing-Tests  of  the  Diamonds  Used  in  Drilling. 

BY   PROF.    ALEXANDER   N.    MITINSKY,    MINING   ACADEMY   OF    EMPRESS 

CATHERINE   IL ,    ST.    PETERSBURG,    RUSSIA.  ' 

(Bethlehem  Meeting,  February,  1906.) 

Up  to  a  certain  limit,  the  increase  of  pressure  on- the  diamond- 
drill  increases  the  rate  of  progress  in  drilling.  That  limit  is 
set  by  the  resistance  of  the  diamonds  to  compression ;  and  be- 
yond it,  the  destruction  of  the  stones  will  involve  an  economic 
loss,  both  in  time  and  in  money.  It  is,  therefore,  important  to 
all  diamond-drillers  to  know  what  is  the  resistance  mentioned. 

In  Europe,  operators  usually  follow  an  empirical  rule,  which 
directs  the  maintenance  of  a  pressure,  on  the  area  of  the  bot- 
tom of  the  drilling-tool,  of  12  kg.  per  sq.  cm.  For  the  tools 
in  ordinary  use,  this  is  equivalent  to  1  kg.  per  sq.  mm.  of  the 
diamonds  set  in  the  tool. 

So  far  as  I  know,  American  drillers  are  using  pressures  as 
high  as  50  to  60  kg.  per  sq.  cm.  of  the  total  area  of  the  drill, 
and  the  consumption  of  diamonds  (on  Denny's  authority,  0.2 
carat  per  meter  bored)  is  greater  in  America  than  in  Europe. 
But  the  reason  for  this  difference  may  be  the  comparatively 
larger  size  of  the  diamonds  commonly  used  by  American 
drillers. 

With  the  assistance  of  my  friend,  the  late  S.  Woisslaw,  who 
was  the  pioneer  of  diamond-drilling  in  Russia,  I  selected  from 
his  stock  a  number  of  black  diamonds,  which  I  subjected  in 
my  laboratory  to  compression-tests. 

To  prepare  regular  cubes  for  such  tests,  as  is  generally  done 
with  other  stones,  would  have  been  not  only  costly,  but,  what 
is  more  important,  practically  useless.  I  therefore  determined, 
in  order  to  assimilate  as  nearly  as  possible  the  conditions  of  ac- 
tual use,  to  place  each  sample  between  a  hard  plate  (corres- 
ponding to  the  rock)  and  a  softer  plate  (corresponding  to  the 
bottom  of  the  tool),  into  which  it  would  be  pressed  during  the 
test. 
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In  my  first  experiment,  I  placed  a  diamond  between  a  plate 
of  rolled  steel  and  one  of  soft  bronze,  under  a  very  sensitive 
press  having  a  diagrammatic  recording-apparatus,  with  a  maxi- 
mum load  of  1  metric  ton.  The  diamond  endured  the  pressure 
of  1  ton,  and  penetrated  into  both  plates  without  breaking.  The 
area  of  its  impress  in  the  plates  could  not  be  determined  with 
any  degree  of  accuracy  by  ordinary  methods;  but  b}^  taking 
photographs,  enlarging  them,  and  then  measuring  them  Avith 
a  planimeter,  I  found  the  area  of  the  impression  in  the  bronze 
plate  to  be  19.5,  and  in  the  steel  plate,  17.25  sq.  mm.  The 
half-sum  of  these  areas,  18.4  sq.  mm.,  being  taken  as  the  area 
of  the  diamond  submitted  to  pressure,  indicates  that,  under  the 
pressure  of  1  ton,  exerted  by  the  press,  the  diamond  resisted 
54.3  kg.  per  sq.  mm.  without  breaking. 

In  my  second  experiment,  I  put  a  diamond  (a  very  small 
one)  between  hard  tool-steel  and  rolled  soft  steeh  It  broke 
under  370  kg.,  leaving  on  the  mild  steel  an  impression  of  9.1, 
and  on  the  tool-steel  one  of  3.3  sq.  mm.,  corresponding  to 
breaking-pressure  per  sq.  mm.  of  45.5  and  115.6  kg.,  respec- 
tively, or  an  average  strength  of  80.6  kg. 

Subsequently,  I  compressed  three  diamonds  successively  be- 
tween two  pieces  of  steel  of  the  tensile  strength  of  from  40  to 
50  kg.  per  sq.  mm.  After  these  tests,  the  diamonds  were  so 
firmly  held  in  the  plates  that  it  was  difficult  to  remove  them. 
The  difference  of  areas  of  the  impressions  in  the  two  plates 
amounted  to  8  per  cent.     The  results  of  the  test  were : 


Experiment 
No. 

3 

Total  Load. 
Kg. 

620 

Half- 

sum  of  Areas. 
Sq.  mm. 

8.0 

Breaking  Strength. 
Kg.  per  sq.  mm. 

77.5 

4 

993 

17.5 

56.7 

5 

768 

11.0 

70.0 

Average,  .         .68.0 

In  view  of  these  tests,  I  think  that  the  pressure  on  drilling- 
tools  can  safely  be  made  heavier,  with  corresponding  gain  in 
speed  of  drilling.  American  operators  are  already  in  advance 
of  Europeans,  but  could  go  even  further  in  this  direction. 

In  Russia,  the  makers  of  diamond-tools  frequently  use  a  pat- 
ented method  of  inserting  the  stones,  which  consists  in  envel- 
oping the  diamond  in  a  piece  of  thin  steel;  putting  it,  together 
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with  some  welding-powder,  under  pressure  in  the  tool,  which 
has  been  heated  to  incandescence ;  hammering,  and  then  cool- 
ing very  quickly. 

After  my  tests  had  been  made,  Mr.  "Woisslaw  ordered  his 
workmen  to  leave  the  danger  of  breakage  out  of  consideration, 
and  to  put  upon  the  diamonds  the  highest  pressure  attainable 
with  their  machinery.  The  results  were  very  good.  By  this 
method  tools  can  be  obtained  which  will  run  safely  at  a  pe- 
ripheral velocity  of  25  m.  per  second. 


Notes  on  the  Roumanian  Oil-Fields. 

BY   P.    CHARTERIS   A.    STEWART,    CAIRO,    EGYPT. 

(Bethlehem  Meeting,  February,  1906.) 

The  following  scanty  notes  on  the  Eoumanian  oil-region  may 
serve  as  an  introduction  to  more  detailed  future  study  and  de- 
scription. 

The  Roumanian  oil-belt  follows  the  outer  edge  of  the  sweep 
of  the  Carpathian  mountains,  and  may,  in  a  broad  sense,  be  re- 
garded as  a  prolongation  of  the  Galician  belt.  It  is  distributed 
over  a  tract  of  country  from  300  to  400  miles  in  length,  with 
a  width  of  from  15  to  20  miles,  and  is  believed  to  cover  an 
area  of  at  least  20,000  hectares  (49,420  acres).  The  govern- 
ment claims  that  16,000  to  17,000  hectares  of  its  land  is  pe- 
troliferous. 

The  primary  deposits  of  petroleum  are  considered  to  be  in 
the  Paleogene  (Oligocene)  and  the  Neogene  (the  salines  of  the 
Miocene)  formations.  Most  of  the  other  repositories,  especially 
those  of  Muntenie,  are  only  secondary,  the  petroleum  there 
having  been  introduced  by  the  orogenic  movements  which 
raised  the  Carpathian  mountains. 

The  oil-field  has  been  divided  by  the  Roumanian  Survey  into 
two  regions,  the  Flysch  and  the  Sub- Carpathian,  as  is  shown 
in  the  accompanying  sketch-map.  Fig.  1.  So  far  as  is  yet 
known,  practically  all  the  seepages  and  productive  pits  and 
wells  are  situated  on  anticlinals. 

Those  which  outcrop  in  the  Flysch  region  (called  Paleogene 
anticlinals),  as  indicated  in  the  sketch-map.  Fig.  1,  are  :  Solontz, 
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Middle  Oligoceue;  Ifoineshd,  Moineshti  and  Tagu-Ocna  beds 
of  the  Eocene. 

Those  of  the  Sub- Carpathian  are: 

Prajol-Gampeni,  Saliferous  Miocene; 

Beciu-Bercea,  Meotic,  and  a  few  Pontic  beds  ; 

Sarata  Monteor,  Nucleus  of  Sarmation  with  Pliocene  on  the 
flanks.     Direction  of  anticlinal,  SW.  byW. ; 

Becea,  Meotic,  with  a  kernel  of  massive  rock-salt; 


Fig.  1. — Sketch-Map  of  RouMA>fiAN  Oil-Fields. 

Campina-Bustenari-Poiana,  Meotic,  with  rock-salt  masses  in 
places.     (The  eastern  end  of  Bustenari  Fagei  is  Oligocene.) ; 

Calibasi,  Xucleus  of  Saliferous  Miocene  with  Sarmatian,  Me- 
otic, Pontic  (Congeria  beds),  and  in  some  parts  Levantine  (Unio 
Sculptee  beds) ; 

Baicoi-Tintea,  Anticlinal  of  Pontic  (Vivipara  bifarcinata  and 
Congeries  beds),  and  Levantine,  lying  directly  upon  the  Salif- 
erous Miocene ; 

Moreni,  Gura-Ocmifei,  Anticlinal  of  Pontic  (Congeries  and 
Vivapara);  Levantine  (Unios  sculptees  and  Candeshti  beds), 
lying  directly  upon  the  Saline  Miocene. 
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The  oil  of  the  Miocene  is  found  on  the  sandy-marl  fades 
in  the  immediate  vicinity  of  the  salt  masses.  The  general  im- 
pression gained  is  that  large  quantities  of  petroleum  may  be 
found  accumulated  in  the  anticlinals  which  have  a  kernel  of 
massive  salt. 

Most  of  the  anticlinals  of  the  Sub-Carpathian  region  belong 
to  the  ISTeogene  epoch.  They  run  more  or  less  parallel  with 
the  main  mountain-chain.  Thus  in  the  north,  in  Moldavia, 
their  course  is  roughly  N^-S.,  wdiile  in  the  Prahova  district  it  is 
more  nearly  EISTE-WSW.  By  reason  of  the  permeability  of 
the  grits  and  sands,  the  petroleum  is  generally  contained  in 
these  rocks. 

Erosion  has,  in  some  cases,  carved  deeply  into  the  crowns  of 
these  anticlinals,  laying  bare  the  oil-strata,  allowing  the  escape 
of  oil  and  the  ingress  of  water,  with  consequent  flooding  of 
the  strata.  In  many  places,  the  former  impermeable  covering 
is  no  longer  found  intact. 

In  the  Flysch  of  Moldavia,  some  beds  of  which  are  supposed 
to  be  synchronous  with  those  of  Galicia,  the  relative  absence  of 
confined  permeable  beds  seems  to  be  the  cause  of  a  small  pro- 
duction, as  compared  with  that  of  Galicia.  It  is,  however,  pos- 
sible that,  more  favorable  conditions  permitting,  better  results 
may  be  encountered  in  depth. 

Numerous  difficulties  attend  the  drilling  of  wells  in  Rou- 
mania,  the  structure  being,  in  many  cases,  very  complicated. 
On  the  other  hand,  the  Roumanians  are  inclined,  in  complain- 
ing of  their  own  troubles,  to  underestimate  the  complexity  of 
the  strata  and  the  difficulties  of  drilling  in  other  parts  of  the 
world.  The  main  obstacles  with  which  Roumanians  have  to 
contend  in  drilling  are  :  water,  which  must  be  shut  out,  and  the 
breaking-off  (after  the  removal  of  the  oil-sand  by  the  flow  of 
oil  and  gas)  of  a  hard,  highly-inclined  layer  immediately  above 
the  oil-sand,  which  causes  squeezing  of  the  casing,  ai\d  a  caving 
of  argillaceous  bands  directly  overlying  the  oil-sand.  Where 
the  oil  is  found  in  overturned  anticlinals,  there  is  often  a  slip- 
ping along  lamination-planes,  which  results  in  enormous  pres- 
sures on  the  casing.  Moreover,  the  occurrence  of  quicksands 
and  of  movements  due  to  the  removal  of  sand  by  the  flowing 
gas  and  oil,  may  be  the  causes  of  disaster.  To  all  these 
sources  may  be  attributed  many  failures  in  the  "  getting 
down  "  of  Roumanian  wells. 
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There  are  about  87  localities  where  petroleum  is  known  to 
exist;  and  of  these,  only  about  half-a-dozen  have  been  any- 
thing like  sufficiently  exploited. 

The  figures  in  Tables  I.,  II.  and  III.  show  that  the  Prahova 
district,  with  its  production  of  92.4  per  cent.,  of  which  82.3 
per  cent,  comes  from  the  two  fields  of  Bustenari  and  Campina- 
Poiana,  is  by  far  the  most  important  district  in  Roumania  at  the 
present  time. 

Table  I, — Production  of  Petroleum  in  Roumcmia  from  1895  to 
1904  {not  Including  the  Quantity  Used  Locally  for  Fuel).a 


Year. 

Metric 
Tons. 

Year. 

Metric 
Tons. 

1895, 

240 

1901,        . 

.     270,000 

1896,       . 

1902,        . 

.     320,000 

1897,       . 

.     110,000 

1903,        . 

.   &384,302 

1898,       . 

.     180,000 

1904, 

.     500,561 

1899,       . 

.     250,000 

1905,       . 

.     614,870 

1900,       . 

.     250,000 

a  Eeported  by  the  Moniteur  de  Petrole  Roumain. 

b  The  return  given  by  the  Special  Commission  for  1903  was  388,090  tons,  prob- 
ably including  the  oil  used  for  fuel  on  the  field. 


Table  II. — Production  of  Petroleum  in  Poumaniafor  1902, '03, 
and  '04,  Classified  by  Fields  {^Metric  Tons). 

Dambo- 

vitza.  Buzeu.  Bacau. 

15,000  4,000  11,000 

22,469  5,920      


Prahova  District. 

1902 270,000 

1903 345,913 


Bustenari. 

Campina- 
Poiana. 

Moreni. 

Tintea. 

other  Pra- 
hova Fields 

1904      331,860 

109,269 

4,349 

4,100 

5,776 

1905  f  411,407 

94,860 

47,243 

7,412 

7,371 

(15.4f{) 

(7.754) 

(1.25t) 

(l-2« 

26,2.S4 
24,703 


8,828 
12,904 


10,145 

8,974 


(92.4j«) 


{AM)  (2.1^) 


(1.55«) 


Table  III. — Data  of  Wells  and  Pits  During  1905.^ 


• 

Wells. 

Pits. 

Prahova 

Producing. 

266 

10 

8 

46 

Drilling. 
197 
13 

Abandoned. 

142 

10 

28 

42 

Producing. 
276 

93 

67 
244 

Sinking. 
70 
21 
16 
26 

Abandoned. 
723 

Dambovitza 

Buzeu 

145 
168 

Bacau 

5 

194 

1905 

330 

220 
190 

215 

107 

92 

222 

148 
118 

680 
743 
675 

133 
175 
163 

1,132  (?) 
1,129 

1904 

1903 

997 

<*  Reported  by  the  Moniteur  de  Petrole  Roumain. 
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CamiJina  Bustenari. — This  zone,  about  14  km.  long,  with  un- 
determined but  varying  width,  is  formed  of  an  anticlinal  of 
Meotic  beds  jammed  up  against  a  fault  which  is  the  southern 
limit  of  the  Sub-Carpathian  saline  series.  A  section  of  this 
zone  is  shown  in  Fig.  2. 

The  eastern  part  of  this  belt,  Doftanetz  Faget,  is  formed  of 
an  anticlinal  in  Oligocene  beds.  A  section  of  this  zone  is 
shown  in  Fie;.  3. 


Fault 


Fig.  2. — Section  Across  Oil-Zone  at  Campina. 

Cawpina. — The  strike  of  the  anticlinal  is  N".  60°  E.,  the  dip 
to  S.  is  about  30°,  that  to  K  nearly  70°.  There  are  about 
seven  recognized  oil-sands  on  the  south  side,  but  they  are  not 
all  of  a  paying  quality.  The  northern  limb  is  steep  and  short, 
being  cut  of}'  by  the  before-mentioned  fault,  causing  the  north- 


Fig.  3. — Section  Across  Oil-Zone  at  Faget. 

ern  side  to  be  of  comparatively  little  value.     This  fault  can  be 
well  seen  in  the  Telega  valley. 

3Iethods  of  Production. — Roumania  has  been,  jpar  excellence, 
the  country  of  the  "  dug  pit,"  and  it  is  the  pioneer  work  done  by 
the  peasants  and  others  in  proving  the  shallow  beds  that  has 
encouraged  the  capitalist  to  come  with  the  drill.  As  the  peas- 
ants and  smaller  workers  have  been  bought  out,  in  order  to  drill 
for  the  deep  oil,  they  have  moved  on  to  explore  new  lands. 


338  NOTES    ox    THE    KOUMANIAN    OIL-FIELDS. 

These  "  hand-dugs  "  are  surprisingly  deep,  at  times  attaining 
750  ft.  The  cost  of  a  hand-dug  of  650  ft.,  with  its  lining  of 
impermeable  clay  and  wood-work,  together  with  the  requisite 
tanks,  is  given  as  17,500  francs.  These  hand-dugs  often  give 
a  steady,  though  small,  yield  for  periods  ranging  up  to  20 
years.  Flooding,  "  gassing "  of  the  workers,  explosions  and 
quicksands  are  their  chief  obstacles.  But  good  average  hand- 
dugs  will  give  a  clear  profit  of  2,000  to  2,200  francs  per  an- 
num, besides  repaying  their  original  cost. 

Drilled  Wells. — These  are  coming  rapidly  into  vogue,  but  the 
deepest  ones  {i.e.,  Campina,  2,600  ft.)  have  not  been  producers, 
the  deepest  producing  wells  being  usually  from  1,600  to  2,000, 
while  the  shallowest  are  only  180  ft.  deep. 

A  good  average  well  should  yield  about  30,000  kg.  of  petro- 
leum per  day. 

Postscript.* — For  the  better  understanding  of  my  paper  on 
Roumanian  Oil-Fields,  it  would  be  well  if  the  following  list  of 
Roumanian  formations  were  added,  since  the  terms  used  in  the 
text  are  more  or  less  peculiar  to  Southeastern  Europe. 

Table  IV. — Rocks  Connected  with  Oil-Bearing  Formations, 
[i   { 

\   '^   J   Candesliti  beds. 
2    I    Unios  sculptees  beds. 

•    I    ^   L 


tc  ■ 

o 


J   Yivipara  bifarcinata  beds. 
I   Congeries  beds. 

Meotic. 
Sarmatian. 
t  Saline  Sub-Carpathian. 

c  i  { 

j    g    I   Kliva  Grits. 

I    §c   I   Menilite  Schists  (Shipota  beds). 

15  L 

flj  r  Targu  Ocna  beds. 
I  g  -j  Saline  Paleogene. 
>-  y    I  Eocene. 


*  Eeceived  July  20,  1906. 
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Biographical  Notice  of  George  H.  Eldridge. 

BY  S.    F.    EMMONS,    WASHINGTON,    D.C. 

(Bethlehem  Meeting,  February,  1906.) 

By  far  the  greater  number  of  the  members  of  this  Institute 
are  men  who  are  engaged  in  the  strenuous  work  of  the  techni- 
cal part  of  their  profession,  and  find  little  time  for  the  abstract 
scientific  work  which  is  less  distinctly  practical  and  pecuniarily 
remunerative.  There  is,  however,  a  small  but  increasingly  nu- 
merous class  whose  members  devote  themselves  to  broad  geo- 
logical problems  which  underlie  the  systematic  development, 
and  whose  work,  theoretically,  ought  to  precede  and  form  a 
basis  for  that  of  their  more  practical  brethren.  These  are  the 
so-called  mining  or  economic  geologists,  who  are,  for  the  most 
part,  connected  with  State  or  National  geological  surveys. 
From  the  character  of  their  work,  the  life  of  these  men  neces- 
sarily follows  rather  difierent  lines  from  that  of  most  of  their 
colleagues,  and  is  not  generally  familiar  to  them.  It  seems  ad- 
missible, therefore,  that  to  the  life  of  a  prominent  member  of 
this  class,  w^ho  died  during  the  past  year,  having  literally  sac- 
rified  his  life  to  his  work,  a  more  extended  notice  should  be 
given  than  the  relatively  small  number  of  his  contributions  to 
the  Transactions  might  seem  to  justify. 

George  Ilomans  Eldridge,  son  of  Ellery  and  Sarah  (Mathews) 
Eldridge,  was  born  on  Cape  Cod  at  Yarmouth,  Mass.,  Christ- 
mas day,  1854.  His  boyhood  education  in  the  public  school  at 
Yarmouth  was  followed  by  a  six  years'  course  in  the  Public 
Latin  School  at  Boston,  from  which  he  entered  Harvard  Uni- 
versity in  1872,  being  graduated  with  the  highest  rank  in  his 
class  in  the  natural  sciences  in  1876. 

During  his  college  course  he  spent  the  summers  of  1875-6 
at  Cumberland  Gap,  Ky.,  as  volunteer  aid  to  Prof.  N.  S.  Shaler, 
who  was  then  in  charge  of  the  State  Geological  Survey  of  Ken- 
tucky. This  vacation  work,  undertaken  by  him  rather  as  a 
pastime,  gave  him  his  first   leaning   toward  geology.      Soon 
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after  graduation,  through  the  failure  of  one  of  the  trustees,  his 
father's  estate  became  so  impaired  that  he  found  himself 
obliged  to  give  up  his  chosen  profession  of  medicine,  and  to 
embrace  the  more  immediately  remunerative  one  of  teaching, 
in  order  to  meet  the  responsibilities  thus  early  thrust  upon 
him.  To  this  work  he  devoted  himself  with  such  assiduity  and 
success  that  he  was  earl}-  appointed  principal  of  the  high  school 
at  Nahant,  Mass.  His  was,  however,  too  energetic  a  nature  to 
allow  itself  to  be  tied  down  to  the  routine  of  a  simple  peda- 
gogue. He  organized  a  series  of  lectures  on  the  natural  sci- 
ences for  the  little  community  in  which  he  lived,  and  still 
found  time  to  take  private  lessons  on  the  practical  side  of  geo- 
logical work  from  his  former  inspiring  teacher.  Prof.  Shaler  of 
Harvard. 

It  was  early  in  1879,  while  still  in  charge  of  this  school,  that 
the  opportunity  presented  itself  which  ultimatel}^  led  to  the 
adoption  of  his  life  work,  that  of  economic  geologist  on  the 
United  States  Geological  Survey.  It  was  in  this  year  that  that 
institution  was  created  as  a  permanent  branch  of  the  govern- 
ment service  to  succeed  all  previous  and  temporary  organiza- 
tions of  its  kind.  During  the  same  year,  Gen.  F.  A.  Walker 
had  been  placed  in  charge  of  the  Tenth  Census  of  the  United 
States,  with  unusually  wide  powers  and  large  appropriations. 
It  was  his  broad  conception  that  the  census  work  should  be 
something  more  than  a  mere  compilation  of  dry  figures.  He 
thought  it  should  also  include  such  a  critical  study  of  the  prin- 
cipal branches  of  industry  of  the  country  as  would  serve  to 
guide  Congress  in  its  economic  legislation  during  the  following 
decade.  To  accomplish  this,  he  placed  the  investigation  of  the 
different  industries  in  charge  of  the  men  best  fitted  for  the  re- 
spective work,  under  whom  the  personal  investigations  should 
be  made  by  experts  chosen  for  their  special  qualifications.  In 
pursuance  of  this  plan,  the  Director  of  the  new  Geological  Sur- 
vey was  given  charge  of  the  investigation  of  the  precious 
metals,  and  to  Prof.  Raphael  Pumpelly  was  intrusted  that  of 
the  other  useful  metals,  principal  among  which,  at  that  time, 
were  iron  and  steel. 

Among  the  first  special  experts  engaged  by  Prof.  Pumpelly 
for  the  active  part  of  this  work  was  Eldridge,  whose  fitness  for 
this  new  and  peculiarly  difiicult  work  had  been  testified  to  by 
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Prof.  Shaler,  from  his  intimate  knowledge  of  the  qualities  of 
the  man  gained  during  the  vacation  work  under  him  in  Ken- 
tucky. Special  branches  of  investigation  to  which  he  wi^s  as- 
signed were  the  base-metal  deposits  of  the  southern  Appala- 
chians and  the  coal-fields  of  northern  Montana,  which,  at 
that  time,  were  practically  unexplored. 

Two  3'ears  later  Prof.  Pumpelly  took  charge  of  the  Northern 
Transcontinental  Survey,  which  had  been  organized  by  Henry 
Villard,  then  President  of  the  Northern  Pacific  railroad,  for 
the  purpose  of  making  a  study  of  the  mineral  resources  of  the 
region  traversed  by  that  road.  Eldridge  was  one  of  the  first 
geologists  employed  by  him,  and  was  given  charge  of  the  Rocky 
Mountain  division,  to  which  was  intrusted  the  solution  of  some 
of  the  most  ditficult  and  critical  problems  involved.  Some  of 
the  results  of  this  work  are  found  in  the  Reports  of  the  Tenth 
Census  (volume  xiii.);  but,  owing  to  its  sudden  termination, 
the  results  of  the  Northern  Transcontinental  Survey  were  never 
fully  published. 

When,  in  the  winter  of  1883-4,  financial  disaster  overtook 
the  Northern  Pacific  railroad,  and  the  Northern  Transconti- 
nental Survey  was,  in  consequence,  suddenly  disbanded,  of  the 
geologists  thus  set  free,  Eldridge,  on  the  recommendation  of 
his  former  chief.  Prof.  Pumpelly,  was  the  first  to  be  transferred 
to  the  United  States  Geological  Survey,  to  fill  a  vacancy  then 
existing  in  its  corps  of  economic  geologists. 

Prom  1884  to  1890  Eldridge  was  attached  to  the  division  of 
mining  geology,  under  my  direction,  and  his  work  during  this- 
time  lay  mainly  in  Colorado.  Eldridge  early  distinguished 
himself  for  his  keen  insight  into  stratigraphic  problems,  espe- 
cially those  connected  with  the  underground  development  of 
coal-seams.  Among  his  fellows  his  most  striking  character- 
istics were  his  untiring  energy  and  the  thoroughness  with 
which  he  mastered  every  detail  of  his  subject.  His  physical 
endurance  was  phenomenal.  In  camp-life  in  the  mountains,, 
where,  at  that  time,  the  physical  difiiculties  to  be  overcome 
were  greater  than  at  the  present  day,  he  seemed  to  gather  new 
energy  from  every  obstacle  that  came  in  his  way;  and  while 
always  cheerful,  he  became  eminently  so  where  others,  through 
an  accumulation  of  difiiculties,  were  inclined  to  be  discouraged. 
Winter  work  in  these  elevated  regions  had  hitherto  been  con- 
voL.  xxxvii. — 22 
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siderecl  inadvisable,  but  Eldridge  demonstrated  for  the  first 
time  that  such  work  was  practicable  bj  remaining  in  camp 
sometimes  through  the  entire  winter.  During  these  years  he 
Avas  mainly  occupied  with  stratigraphic  problems  connected 
with  the  southern  Elk  mount-ains  in  Gunnison  county,  Colo., 
and  with  the  Denver  basin  on  the  eastern  foot-hills  of  the 
Rocky  mountains.  In  each  case  the  completion  of  the  work 
was  unavoidably  delayed  by  the  inal)i]ity  of  the  topographic 
force  of  the  Survey  to  finish  the  necessary  maps,  and  Eldridge 
was  called  upon  to  do  no  inconsiderable  part  of  the  topography 
himself,  he  being  eminently  possessed  of  the  topographic  skill 
which  forms  so  important  a  part  of  an  American  geologist's 
training. 

Many  other  geological  investigations  in  the  Rocky  moun- 
tains were  carried  on  by  him  during  these  years,  for  which  he 
received  no  public  credit,  the  results  having  been  either  not 
yet  published  or  else  incorporated  into  the  work  of  other 
geologists. 

In  1889,  in  addition  to  other  work  on  which  he  was  engaged, 
Eldridge  was  called  upon  by  the  Director  to  compile  a  record 
of  the  artesian  wells  of  the  United  States,  and  to  map  the 
distribution  of  coal  in  the  arid  region.  In  the  then-existing 
state  of  knowledge,  either  of  these  pieces  of  work  involved  an 
amount  of  research  that  few  would  have  been  willing  to  un- 
dertake to  complete  in  any  limited  period;  but  Eldridge,  with 
his  usual  energy  and  cheerfulness,  undertook  both,  and  soon 
delivered  to  the  Director  maps  showing,  respective!}',  the  dis- 
tribution of  coal-developments  in  the  arid  region,  and  the  loca- 
tion of  artesian  wells  throughout  the  United  States,  with  an 
article  on  those  of  the  entire  world.  There  seems  to  be  no 
record  of  the  printing  of  these  reports,  but  they  may  be  safely 
assumed  to  have  been  the  starting-point  for  the  elaborate  in- 
vestigations on  these  subjects  now  conducted  by  special  de- 
partments of  the  Survey. 

In  1890,  while  putting  some  finishing  touches  on  his  Denver 
Basin  work,  much  of  which  was  dependent  for  its  data  upon 
the  records  of  artesian  wells,  he  made  his  well-known  study 
of  the  Florence  oil-field,*  which  was  the  first  scientific  investi- 

1  Trans.,  xx.,  442-462  (1891). 
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gation  of  commercially  successful  oil-production  in  the  Rocky 
Mountain  region,  and  a  work  that  has  had  a  most  favorable  in- 
fluence upon  an  industry  that  has  since  assumed  great  import- 
ance in  the  West, 

In  the  decade  commencing  with  1880,  the  economic  work  of 
the  United  States  Geological  Survey  was  first  extended  to 
special  investigations  of  the  individual  useful  minerals,  and  in 
the  pioneer  work  of  this  branch,  as  of  many  others,  Eldridge 
took  a  leading  part. 

Unusually  rich  phosphate-rock  had  recently  been  discovered 
in  Florida  in  hitherto  unknown  geological  relations,  and  a 
Florida  division  was  created,  of  which  Mr.  Eldridge  was  put  in 
charge.  The  investigation  was  particularly  difficult,  because 
the  country  rises  but  little  above  tide-level,  and  no  natural  sec- 
tions can  be  found ;  hence,  the  geologist  must  depend  upon 
artificial  excavations  for  his  data.  The  region,  moreover,  is 
unwholesome  during  the  great  heat  of  summer;  consequently, 
the  work  was  mainly  carried  on  during  the  winter  and  spring 
months,  and  Eldridge  continued  to  give  up  his  summers  to 
work  in  the  Rocky  mountains;  thus,  he  accumulated  double 
the  amount  of  field  data,  and  had  a  correspondingly  smaller 
amount  of  time  than  his  fellow-geologists  had  for  working  up 
his  material  in  the  ofiice.  For  a  long  time,  moreover,  accurate 
maps  of  the  region  were  entirely  wanting,  and,  while  waiting 
for  these,  Eldridge  was  frequently  assigned  to  work  in  other 
fields,  which  momentarily  seemed  of  more  pressing  import- 
ance ;  thus,  those  not  cognizant  of  the  facts  may  have  been  led 
to  blame  him  for  delays ;  whereas,  in  point  of  fact,  he  was  for 
a  long  period  able  to  devote  to  this  work,  which  he  had  so 
much  at  heart,  only  odd  moments  stolen,  as  it  were,  during 
intervals  of  other  work. 

In  1893  he  published^  a  preliminary  sketch  of  the  geology 
of  the  Florida  phosphates.  During  the  following  years,  how- 
ever, he  was  unable  to  give  any  time  to  this  work,  being  called 
upon  to  take  charge  of  a  new  type  of  Survey  work  in  the  West. 
This  was  the  rapid  geological  reconnaissance  of  hitherto  unex- 
plored areas  of  the  Rocky  mountains,  destined  to  fill  up  gaps 
in  the  geological  map  of  the  United   States  on  the   40-mile 

^  Trans.,  xxi.,  196-231  (1902-3). 
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scale,  in  course  of  preparation  bj  the  Survey.  Mr.  Eldridge 
was  eminently  endowed  with  the  qualifications  for  such  work — 
namely,  energy  in  exploration  and  a  field-experience  that  ena- 
bled him  to  grasp  rapidly  the  salient  features  of  the  geology  of 
a  region.  During  the  summers  of  1893  and  1894,  he  made  such 
surveys  of  large  areas  in  northwestern  Wyoming  and  in  north- 
eastern Idaho,  respectively,  and  in  each  case  had  worked  up 
his  material,  and  had  his  report  ready  for  the  printer,  before 
the  opening  of  the  succeeding  field-season. 

In  the  summer  of  1895  he  was  assigned  to  the  investigation 
of  the  mineral  resources  of  the  Uncompahgre  and  Uinta  In- 
dian reservations,  in  Utah,  a  knowledge  of  which  had  become 
of  importance  to  the  government,  because  of  the  demand  for 
the  throwing  open  of  these  lands  to  public  occupation.  In  that 
summer's  work  he  investigated,  alone  and  unaided,  7,000  sq, 
miles  of  very  difficult  country,  and,  as  a  result  of  his  work, 
prepared  in  the  following  winter  a  report^  on  the  most  important 
mineral  resources  of  that  area — the  Uintaite-deposits — which 
constituted  at  that  time  the  most  comprehensive  discussion  of 
such  deposits,  not  only  for  this  region,  but  for  the  whole  con- 
tinent. 

Immediately  upon  completion  of  this  work,  in  the  spring  of 
1896,  his  Florida  phosphate-work  was  taken  up  again,  and  car- 
ried on  continuously  until  interrupted  in  the  following  year  by 
a  special  order  of  the  Secretary  of  the  Interior,  that  he  make 
an  investigation  of  the  asphalts  of  Utah,  which  should  furnish 
data  for  the  Land  Ofiice  in  regard  to  the  best  methods  of  open- 
ing up  the  Indian  lands  for  mineral  occupation.  His  report  on 
this  work,  being  for  the  private  use  of  the  Department,  has 
never  been  published. 

When  the  discoveries  of  gold  in  Alaska  had  assumed  con- 
siderable industrial  importance.  Congress,  by  its  Act  of  Jan. 
28,  1898,  ordered  special  geological  and  topograpical  surveys 
of  that  region  to  be  made,  appropriating  $20,000  for  the  pur- 
pose. This  constituted  an  entirely  new  branch  of  work  for  the 
Survey,  and  required  a  novel  and  special  organization  of  par- 
ties and  methods  of  transportation,  which  could  not  be  gov- 
erned to  advantage  at  a  distance  of  6,000  miles  from  the  field 
of  work,  but  necessitated  a  responsible  head,  who  could  direct 

=*  nth  Annual  Report  U.  S.  Geological  Survey,  Part  I.,  pp.  909-949  (1896). 
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the  work  on  the  spot.  The  qualifications  for  such  a  position 
were  administrative  capacity  and  tact,  combined  with  geologi- 
cal experience  and  great  physical  endurance.  Eldridge,  being 
judged  to  be  the  one  who  best  combined  all  these  varied  quali- 
ties, was  appointed  geologist  in  charge  of  this  work  in  Febru- 
ary, 1898.  He  at  once  took  charge  of  the  outfitting  and  prepa- 
ration of  the  various  parties,  which  sailed  from  Seattle  on  the 
United  States  gunboat  "  Wheeling  "  on  April  5.  He  had  char- 
acteristically chosen  for  himself  what  promised  to  be  the  most 
difficult  piece  of  work — namely,  the  exploration  of  the  highly- 
mountainous  interior  of  the  main  peninsula.  On  May  4,  with 
Mr.  Robert  Muldrow  and  several  camp-assistants,  he  started 
up  the  Sushitna  river,  following  it  to  its  head,  and  then  crossed 
the  divide  on  foot  to  the  drainage  of  the  Tanana  river.  They 
thus  passed  near  and  measured,  for  the  first  time,  the  highest 
point  on  the  North  American  continent — Mt.  McKinley  (20,464 
ft.).  The  amount  of  hardship  endured  during  the  little  over 
four  months  occupied  by  this  trip,  can  be  appreciated  only  by 
those  who  took  part  in  it,  and  they  were  men  who  are  not  in- 
clined to  complain  of  such  things.  For  weeks,  and  even 
months,  they  were  pushing  their  heavily-freighted  boats 
against  the  ice-laden  current  of  this  great  stream,  often  above 
their  waists  in  the  icy  waters  for  long  periods.  Then,  when 
the  head  of  navigation  was  reached,  they  were  obliged  to  pack 
on  their  backs  all  their  heavy  camp-stuff  over  a  route  that,  be- 
cause of  the  bulk  of  the  material  transported,  had  to  be  gone 
over  at  least  twice  on  each  day's  journey.  Eldridge's  friends, 
who  were  familiar  with  his  rugged  vigor,  were  struck  with  the 
change  in  his  appearance  upon  his  return  from  this  venture- 
some trip.  The  man,  whom  physical  hardship  had  hitherto 
seemed  only  to  render  more  vigorous  and  sturdy,  at  length 
showed  evidence  of  physical  wear.  This  can  hardly  be  won- 
dered at,  for  Eldridge  was  then  in  his  forty-fourth  year,  and 
the  experience  of  Survey  work  in  Alaska  has  shown  that  ex- 
ploration in  the  interior  should  be  intrusted  only  to  young  men 
of  rather  exceptional  vigor,  if  they  are  expected  to  endure  more 
than  a  single  season's  campaign.  It  was  at  the  close  of  this  trip 
that  Eldridge  reached  the  crowning  happiness  of  his  life,  in 
marrying  Miss  Jessie  ISTewlands,  of  San  Francisco,  niece  of  the 
Senator  from  IS^evada. 
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His  report  ou  the  work  in  Alaska  being  completed  in  April, 
1899,  he  at  once  resumed  work  on  the  Florida  phosphates,  which 
was  again  interrrupted  by  his  assignment,  at  the  commencement 
of  the  fiscal  year  1899-1900,  to  the  study  of  the  asphalts  and 
bituminous-rock  deposits  of  the  entire  United  States.  The 
necessary  field-investigation  for  this  work  took  him  into  no  less 
than  ten  States  and  Territories,  and  occupied  all  his  time, 
winter  and  summer,  until  the  fall  of  1900.  The  results  of  this 
work  were  published*  in  an  abundantly  illustrated  form,  and 
accompanied  by  maps  of  all  the  principal  asphalt-fields,  prac- 
tically constituting,  by  its  exhaustive  treatment,  a  standard 
monograph  on  this  class  of  deposits. 

In  the  spring  of  1901,  immediately  upon  the  completion  of 
his  asphalt  report,  Eldridge  once  more  resumed  work  on  the 
Florida  phosphates,  and  had  brought  it  to  within  a  month  or 
two  of  completion,  when,  on  the  opening  of  the  field-season, 
he  was  assigned  to  another  investigation,  which  was  judged  to 
be  of  greater  immediate  importance — that  of  the  petroleum- 
fields  of  California.  He  took  up  this  work  with  his  usual 
energy  and  thoroughness,  temporarily  closing  his  newly-ac- 
quired home,  near  "Washington,  to  live  in  California  w^hile  the 
field-work  was  in  progress.  In  the  fall  of  1902  he  returned  to 
Washington,  to  write  up  his  report  on  this,  his  last,  and,  as  he 
thought,  his  greatest,  piece  of  work.  From  that  time  onward, 
summer  as  well  as  winter,  with  scarcely  an  interval  of  rest,  he 
devoted  his  entire  energies  to  the  working-up  of  the  enormous 
amount  of  material  he  had  gathered  to  elucidate  the  structure 
of  those  extremely  complicated  regions.  His  many  maps  and 
diagrams  had  been  fully  completed,  the  chemical  and  structural 
problems  discussed,  and  the  most  important  chapters  of  his  re- 
port were  not  only  written,  but  fully  revised,  before  he  was  in- 
capacitated for  further  work  by  his  final  illness. 

The  actual  cause  of  this  last  sickness  will,  perhaps,  always 
remain  in  doubt.  That,  with  his  magnificent  physique,  and  a 
power  of  endurance  that  seemed  inexhaustible,  he  should  have 
been  taken  ofi'in  the  prime  of  his  manhood,  was  evidently  due 
to  his  having  overtaxed  his  powers  ;  and  continued  confinement 
to  the  office,  especially  during  the  heats  of  the  Washington 

*  22d  Anntud  Report  U.  S.  Geological  Survey,  Part  I.,  pp.  209-452  (1901). 
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summers,  undoubtedly  had  a  debilitating  effect  upon  one  so 
accustomed  to  an  outdoor  life  as  he  was. 

In  October  and  November,  1904,  he  was  laid  up  for  a  month 
with  a  peculiar  illness  that  took  the  form  of  a  low  fever  and 
baffled  the  physicians.  In  January,  1905,  possibly  before  he 
was  physically  capable,  he  made  a  trip  to  Cuba  to  examine 
some  asphalt-deposits,  returning  by  way  of  Florida  to  verify 
the  latest  developments  in  the  phosphates.  This  was  his  last 
field-work.  Within  a  month  after  his  return  to  the  office  ill- 
ness again  obliged  him  to  give  up  work.  He  underwent  a  pain- 
ful surgical  operation,  from  the  effects  of  which,  at  first,  he  re- 
covered so  rapidly  that  he  expected  in  a  few  weeks  to  resume 
his  nearly-completed  work.  This  relief  proved,  however,  to 
be  only  temporary.  The  former  physical  troubles  returned, 
caused,  as  it  proved,  by  sarcoma  of  the  kidney,  and,  after  a 
painful  and  prolonged  struggle,  he  finally  succumbed  on  June 
29,  1905.  Through  all  this  last  illness  the  prevailing  charac- 
teristics of  his  life,  the  combination  of  strength  and  sweetness 
of  character,  showed  in  strongest  relief.  Though  doubtless 
conscious  before  all  others  that  he  was  near  his  end,  he  re- 
mained cheerful  and  courageous  to  the  last,  and,  when  the  fatal 
result  could  no  longer  be  concealed  from  his  wife,  he  calmly  pro- 
ceeded to  put  his  worldly  affairs  in  order  to  the  utmost  detail. 

Although  his  two  last  and  most  important  pieces  of  work,, 
the  studies  of  the  phosphates  of  Florida  and  of  the  asphalts 
of  California,  were  neither  of  them  complete  at  the  time  of  his 
death,  they  will  by  no  means  be  lost,  since  much  of  his  manu- 
script was  already  written  and  his  material  and  notes  were 
clearly  and  systematically  arranged,  so  that  they  can  be  pre- 
pared for  publication  with  comparatively  little  supplementary 
work. 

Eldridge  was  remarkable  for  his  robust  physique,  his  strong 
and  admirable  personality,  his  exceptionally  cheerful  nature, 
and  the  keen  interest  with  which  he  entered  into  all  pursuits, 
whether  of  work  or  recreation.  His  early  instructor  and  life- 
long friend,  Prof.  Shaler,  says  of  him.  : 

"  He  will  remain  with  me  as  the  type  of  the  strong,  well- 
balanced  man ;  brave,  steadfast,  patient  in  his  duties,  ever 
friendly  with  his  neighbors,  helpful  with  his  friends.  I  feel 
that  my  contacts  with  him  served  to  ennoble  my  life." 
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It  seems  one  of  the  inscrutable  provisions  of  Providence 
that  this  man  should  have  suddenly  been  taken  away  in  the  full 
vigor  of  manhood,  and  just  as  he  was  nearing  the  goal  to 
which,  in  his  public  as  well  as  in  his  domestic  life,  his  great 
energies  had  so  long  been  directed.  But,  admired  and  re- 
spected as  he  was  by  all  who  knew  him,  his  energetic  devotion 
to  his  work  and  the  contagious  cheeriness  of  his  personality 
will  ever  remain  an  inspiring  memory  among  his  associates. 


The  following  papers  have  been  presented  to  the  Institute 
by  Mr.  Eldridge : 

Title.  Volume.  Pages. 

The  Florence  Oil-Field,  Colorado,       .         .      xx.         442-462 
A  Preliminary  Sketch  of  the  Phosphates  of 

Florida, xxi.         196-231 

.•In  addition  to  the  above  papers,  Mr.  Eldridge's  publications 
are  as  follows : 

Montana  Coal-Fields  :  Tenth  Census  of  the  United  States  (1879-1880),  vol.  15, 
pp.  739-757  (1886). 

•  The  Industries  of  the  Base  Metals  (Lead,  Zinc,  and  Copper)  in  the  Census 
Year :  Tenth  Census  of  the  United  States  (1879-1880),  vol.  15,  pp.  809-830  (1886). 

On  Some  Stratigraphical  and  Structural  Relations  of  the  Country  about  Denver, 
Colo.  :  ^lining  Industry  (Denver,  Colo.),  vol.  3,  No.  3,  pp.  24-25;  No.  4,  pp.  33- 
35;  No.  5,  pp.  44-45  (1888). 

Some  Suggestions  upon  the  Method  of  Grouping  the  Formations  of  the  Middle 
Cretaceous  and  the  Employment  of  an  Additional  Term  in  Its  Nomenclature: 
American  Journal  of  Science,  vol.  38,  pp.  313-321  (1889). 

On  Certain  Peculiar  Structural  Features  in  the  Foot-Hill  Region  of  the  Rocky 
Mountains  near  Denver,  Colo.  :  Bulletin  of  the  Philosophical  Society  of  Washinyton, 
vol.  11,  pp.  247-274  (1892). 

Artesian  Wells  of  Eastern  Dakota  :  Compte  Rendu,  International  Congress  of  Ge- 
ologists, 5th  session,  p.  318  (1893). 

Anthraciie-Crested  Butte  Folio,  Colorado  (in  conjunction  with  S.  F.  Emmons 
and  Whitman  Cross) :  Geologic  Atlas  of  the  United  Stales,  folio  9,  U.  S.  Geo- 
logical Survey  (1894). 

A  Geological  Reconnoissance  in  Northwest  Wyoming  :  Bulletin  No.  119,  U  S. 
Geological  Survey,  pp.  72  (1894). 

A  Geological  Reconnaissance  Across  Idaho  :  16th  Annual  Report,  U.  S.  Geologi- 
cal. Survey,  pt.  2,  pp.  211-276  (1895). 

Occurrence  of  Uintaite  in  Utah  :  Science,  new  series,  vol.  3,  pp.  830-832  (1896). 
■  The  Uintaite  (Gilsonite)  Deposits  of  Utah  :  lltk  Annual  Report,  U.  S.  Geologi- 
ml  Survey,  pt.  1,  pp.  909-949  (1896). 

Geology  of  the  Denver  Basin  in  Colorado  (in  conjunction  with  S.  F.  Emmons 
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and  Whitman  01*038)  :  Monograph  No.  27,  TJ.  S.  Geological  Survey,  pp.  556 
(189!i). 

Report  of  the  Sushitna  Expedition  (in  conjunction  with  Robert  Muldrow)  ; 
The  Extreme  Southeastern  Coast ;  The  Coast  from  Lynn  Canal  to  Prince  William 
Sound  ;  The  Sushitna  Drainage  Area  ;  Maps  and  Descriptions  of  Routes  of  Ex- 
ploration in  Alaska  in  1898,  with  General  Information  Concerning  the  Territory  : 
Special  Publication  of  the  U.  S.  Geological  Survey,  pp.  15-27,  101-102,  103-104,  111- 
112  (1899). 

A  Reconnaissance  in  the  Sushitna  Basin  and  Adjacent  Territory,  Alaska,  in 
1898  :  20th  Anmml  Report,  U.  S.  Geological  Survey,  pt.  7,  pp.  1-29  (1900). 

The  Asphalt  and  Bituminous  Rock  Deposits  of  the  United  States  :  22d  Annual 
Report,   TJ.  S.  Geological  Survey,  pt.  1,  pp.  209-452  (1901). 

Origin  and  Distribution  of  Asphalt  and  Bituminous  Rock  Deposits  in  the 
United  Slates:  Bulletin  No.  213,   U.  S.  Geological  Survey,  pp.  296-305  (1903). 

The  Petroleum-Fields  of  California :  Bulletin  No.  213,  U-  S.  Geological  Survey, 
pp.  306-321  (1903). 


Biographical  Notice  of  Edward  Cooper. 

BY    R.  W.  RAYMOND,  NEW    YORK,  N.  Y, 

(Bethlehem  Meeting,  February,  1906.) 

Edward  Cooper  was  born  in  New  York  City,  Oct.  26,  1824. 
His  father,  Peter  Cooper,  to  say  nothing  of  manifold  rea- 
sons for  fame  as  an  inventor  and  philanthropist,  deserves  to 
be  remembered  as  a  pioneer  in  the  establishment  of  public 
schools ;  and  it  is  not  surprising  that  he  sent  his  son  to  one  of 
the  democratic  institutions  in  which  he  was  himself  so  ardently 
interested.  From  the  public  school  Edw^ard  Cooper  went  to 
Columbia  College,  where  he  made  the  acquaintance  of  Abram 
S.  Hewitt,  who  was  first  his  tutor,  afterwards  his  traveling  com- 
panion, brother-in-law^,  business  partner  and  life-long  friend.^ 

For  twenty  years  I  was  the  consulting  engineer  of  the  firm 
of  Cooper  &  Hewitt,  and  also  connected  with  the  work  of  the 
Cooper  Union,  in  wdiich  they  were  both  deeply  interested  and 
faithfully  active.  On  the  basis  of  the  intimate  knowledge  thus 
gained,  I  venture  an  estimate  of  Edward  Cooper's  character 
and  career  which,  if  not  fully  comprehensive,  may  facilitate  a 
juster  estimate  than  would  be  reached  by  the  student  of  those 
data  which  the  modesty  of  the  man  permitted  to  be  placed 
upon  public  record. 

^  See,   for  further  particulars  of   their  early  association,  my  "Biographical 

Notice  of  Abram  S.  Hewitt,"  Trans.,  xxxiv.,  186  to  204  (1904). 


350  BIOGRAPHICAL    NOTICE    OF    EDWARD    COOPER. 

Edward  Cooper's  mind  was  one  of  the  most  active,  accurate 
and  subtle  with  which  I  have  ever  come  into  contact.  He  had 
inherited  from  his  father  a  sunny,  benevolent  temperament, 
and  the  irresistible  impulse  to  attack  all  new  problems  which 
challenged  his  attention.  His  thorough  education  had  indeed 
made  him  wiser  than  his  father,  both  in  philanthropy  and  in 
technical  inventions.  He  could  condemn  and  reject  a  propo- 
sition which  Peter  Cooper  would  have  embraced,  in  a  splen- 
did, though  ignorant,  faith  that  nothing  was  impossible  to  an 
American,  and  that  the  word  "impossible  "  was  simply  a  label, 
put  upon  things  reserved  for  the  citizens  of  the  Republic  to 
achieve.  The  son's  greater  know^ledge  led  him  to  see  clearly 
both  sides  of  a  proposition,  where  the  father  saw  but  one.  Yet 
it  remained  his  leading  characteristic,  that  he  loved  to  study, 
criticise  and  invent,  rather  than  to  conclude,  adopt  and  execute. 
"When  he  had  exhausted  a  question,  he  was  prone  to  drop  it.  So 
long  as  it  called  for  further  inquiries,  he  was  indisposed  to  set- 
tle it  by  any  final  decision. 

I  have  often  fancied  that  one  who  enjoyed,  and  utilized,  the 
opportunity  to  pick  up  and  put  into  practical  application  the 
ideas,  suggestions  and  investigations  of  Edward  Cooper,  might 
attain  thereby  the  fame  and  fortune  to  which  Mr.  Cooper  him- 
self seemed  indifferent. 

As  an  instance  of  his  passion  for  intense  intellectual  labor 
upon  a  subject  which  interested  him,  I  remember  a  copy  of  the 
English  translation  of  Prof.  Grliner's  work  on  the  thermal  re- 
actions of  the  blast-furnace.  The  book  is  full  of  disgraceful 
errors  in  the  calculation  and  printing  of  equations  and  tables. 
Having  occasion  one  day  to  consult  Mr.  Cooper's  copy,  I  found 
that  he  had  laboriously  corrected  it,  from  beginning  to  end, 
simply  for  his  own  satisfaction  ! 

Sometimes  (as  in  the  cases  of  the  Durham  blast-furnace 
charging-apparatus  and  hot-blast  stoves^)  he  utilized  his  scien- 
tific ability  and  inventive  genius  in  useful  inventions;  but  I 
do  not  think  he  ever  applied  for  a  patent. 

He  was  deeply  interested  in  the  attempts  of  Chenst  and 
others  to  produce  iron-sponge  by  the  direct  reduction  of  iron- 
oxide  ores;  and,  as  early  as  1863  or  1864,  he  instituted  at  the 
Andover  furnace,  Phillipsburg,  N.  J.,  experiments  in  the  reduc- 

2  Trans.,  xiv.,  130  to  139,  and  xxxv.,  582  (1905), 
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tion  of  iron-ore,  without  fusion,  by  means  of  heated  carbon 
monoxide,  forced  through  a  chamber  containing  carefully  se- 
lected and  broken  ores.  According  to  the  recollection  of  Mr. 
Joseph  C.  Kent,  then  and  for  many  years  afterwards  the  man- 
ager of  the  Andover  works,  this  experiment  failed  by  reason 
of  a  siliceous  dust  which,  accumulating  in  the  interstices  of  the 
finely-broken  charge,  coated  the  pieces  of  ore  with  a  tenacious 
film,  effectually  preventing  the  deoxidizing  action  of  the  carbon 
monoxide.  If  this  was  the  only  difficulty,  it  could  scarcely  be 
regarded  as  insuperable;  and,  in  fact,  Mr.  Kent  remembers 
that  Mr.  Cooper  said  he  could  probably  devise  some  way  of 
overcoming  it.  Probably  he  dropped  the  subject  for  a  while. 
At  all  events,  nothing  more  was  done  in  that  line  at  Phillips- 
burg;  and  in  1867,  when  the  works  at  Phillipsburg  were  sold 
by  Cooper  &  Hewitt  to  the  Andover  Iron  Co.,  parts  of  Mr. 
Cooper's  direct-reduction  apparatus  were  shipped,  as  possibly 
available  for  further  experiments,  to  the  Durham  Iron  Works, 
Riegelsville,  Pa.,  owned  by  the  firm.  Mr.  B.  F.  Fackenthal,  Jr., 
subsequently  for  many  years  the  manager  of  the  Durham  Iron 
Works,  remembers  these  pieces  as  embodying  novel  details 
(especially  in  the  construction  of  gas-valves,  etc.),  which  have 
since  been  universally  adopted.  With  his  usual  indifference 
to  personal  credit  or  reward,  Mr.  Cooper  made  no  claim  to  them 
as  his  inventions. 

Meanwhile,  he  continued  to  pursue  with  intense  interest  and 
unwearied  study  the  subject  of  thermal  physics  and  chemistry, 
particularly  as  related  to  the  use  of  gaseous  fuel,  the  Siemens 
regenerator,  etc.;  and  I  remember  finding  in  his  office  a  pile  of 
sheets,  covered  with  figures  which  represented  his  elaborate 
and  minute  calculations,  performed  at  home  and  at  night  (for 
I  never  saw  him  so  employed  at  his  office),  and  antedating 
much  that  was  subsequently  published  by  others. 

As  a  result  of  these  studies,  he  began,  about  1873,  at  the 
works  of  the  New  Jersey  Steel  &  Iron  Company  (Cooper, 
Hewitt  &  Co.),  at  Trenton,  N.  J.,  the  practical  test  of  a  direct- 
reduction  process,  which  presented  many  novel  features  of  his 
own.  The  principles  of  this  process  have  been  deemed  worthy 
of  special  recognition  by  Prof.  H.  M.  Howe,  whose  classic  work 
contains  a  description  of  it,  with  a  diagram  illustrating  the  ap- 
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paratus.^     In  this  process,  to  quote  the  preliminary  summary 
there  given : 

"  Iron  ore  is  heated  and  reduced  by  a  current  of  hot  carbonic  oxide,  or  carbonic 
oxide  and  hydrogen.  These  gases  are  oxidized  to  carbonic  acid  and  steam  by  the 
oxygen  of  the  ore  ;  they  are  then  passed  through  a  regenerator,  in  which  they 
are  highly  heated,  and  thence  through  a  bed  of  coal  or  other  fuel,  in  which  they 
are  again  deoxidized  to  carbonic  oxide  and  hydrogen.  Still  remaining  in  the 
same  closed  circuit,  they  are  then  used  for  reducing  a  fresh  portion  of  ore,  a  part 
of  the  carbonic  oxide  and  hydrogen,  however,  being  diverted  to  heat  the  regen- 
erator already  mentioned. 

To  simplify  matters,  let  ns  suppose  that  only  carbonic  oxide  is  used,  and  follow 
the  course  of  the  gas.  What  is  true  of  pure  carbonic  oxide  would  be  true  of  a 
mixture  of  this  gas  with  hydrogen,  mutatis  mutandis." 

After  giving  the  calorific  calculations  involved  upon  the 
above  assumption,  which  showed  a  theoretical  excess  of  heat 
above  the  amount  required  for  the  chemical  reactions,  and  thus 
available  to  make  up  the  loss  by  radiation,  to  heat  the  ore  to 
the  temperature  of  deoxidation,  etc.,  Prof.  Howe  continues: 

"  This,  in  Mr.  Cooper's  opinion,  is  not  a  sufficient  surplus.  Hence  he  introduces 
steam  along  with  the  carbonic  acid  into  the  regenerator  and  thence  into  the  gas- 
producer,  thus  making  water-gas,  and  thus  increasing  the  quantity  of  gas  avail- 
able for  burning  in  the  regenerator,  but  without  introducing  nitrogen  into  the 
closed  circuit  of  the  reducing  system.  It  may,  indeed,  be  regarded  as  a  mode  of 
making  water-gas,  which  is  used  while  still  hot  from  the  gas-producer  for  deoxi- 
dizing iron-ore.  The  steam  is  introduced  in  the  form  of  a  jet,  and  incidentally 
aids  the  circulation  of  the  gas  through  the  system." 

I  forbear  to  quote  further  from  Prof,  Howe's  description, 
which  is  accessible  to  all  interested  students  of  the  subject. 
Though  confessedly  incomplete  as  a  statement  of  the  somewhat 
complicated  details  of  Mr.  Cooper's  apparatus,  it  clearly  indi- 
cates that  his  scheme  comprised  many  ingenious  and  novel  fea- 
tures, and  embodied  a  wonderfully  complete  plan  for  the  utili- 
zation of  the  heat  of  all  the  chemical  reactions  of  reduction  and 
combustion  involved. 

Indeed,  this  theoretical  completeness,  and  the  consequent 
difiiculty  of  constructing  and  operating  the  several  parts  of  the 
experimental  plant,  proved  to  be  one  of  the  reasons  for  the  final 
abandonment  of  the  enterprise.  Explosions  due  to  leaks  in 
flue-walls,  and  troubles  with  valves  or  other  mechanical  details, 
involved  .discouraging  delays  and  fresh  outlays  for  reconstruc- 
tion, repair,  or  new  design. 

»  The  Metallurgy  of  Steel,  2d  ed.,  vol.  i.,  pp.  275,  276  (1891). 
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But  these  experiences,  inseparable  from  such  undertakings, 
did  not  disprove  Mr.  Cooper's  theory,  and  would  not  have  been 
sufficient  to  prevent  him  from  persevering  in  his  plan.  Indi- 
rectly, however,  they  had  a  greater  effect;  for  they  delayed  his 
experiments  until  the  improvements  in  blast-furnace  practice, 
already  accomplished  or  clearly  foreseen  by  his  prophetic  eye, 
forced  upon  him  the  conviction  that  the  most  perfect  "  direct 
process  "  would  be  unable  to  compete  with  the  old  method  ot 
combined  reduction  and  fusion,  producing  pig-iron  as  a  mate- 
rial for  further  transformations.  The  simple  circumstance  that 
a  "  direct  process  "  for  the  production  of  iron-sponge  would  re- 
quire rich  and  pure  iron-ore,  and  could  be  operated  only  upon 
a  limited  scale  as  to  size  of  the  unit  of  plant,  was  fatal  to  that 
whole  class  of  processes.  Theoretical  gains  in  heat-economy 
dwindled  and  disappeared  before  the  enormous  savings  effected 
in  all  departments  of  the  manufacture  of  pig-iron  by  increase  in 
the  temperature  and  pressure  of  blast,  in  the  dimensions  and 
productive  capacity  of  each  furnace,  and  in  facilities  for  the 
cheap  handling  of  raw  material  and  product. 

It  was  characteristic  of  Edward  Cooper  that  he  did  not,  like 
many  another  inventor  embarked  upon  a  darling  conception, 
refuse  to  recognize  the  controlling  current  which  was  leaving 
him  in  an  eddy  of  self-centered  revolution.  On  the  contrary, 
with  imperturbable  good-nature,  he  said  :  "  I  fancy  the  blast- 
furnace is  going  to  be  the  best  thing,  after  all !"  and,  abandon- 
ing the  problem  of  "  direct  reduction,"  upon  which  he  had  ex- 
pended so  much  time,  labor  and  money,  turned  his  attention 
to  other  problems,  equally  attractive  and  apparently  more  prac- 
tically important.  During  this  last  stage  of  his  "  direct-pro- 
cess "  experiment,  I  was  associated  with  him  as  the  consulting 
engineer  of  his  firm ;  and  it  was  at  his  request  that  I  commu- 
nicated to  Prof.  Howe  some  of  the  data  for  the  notice  of  Mr. 
Cooper's  process,  contained  in  The  Metallurgy  of  Steel.  I  may, 
therefore,  claim  the  authority  of  personal  knowledge  for  the 
foregoing  statements. 

Mr.  Cooper  was  a  public-spirited  citizen,  and  a  supporter 
of  all  meritorious  social  and  municipal  movements.  He  was 
among  those  who  supported  Mr.  Tilden  in  the  overthrow  of 
the  "Tweed  ring,"  and  in  1879  he  was  elected  Mayor  of  New 
York  City,  eight  years  before  his  partner,  Mr.  Hewitt,  received 
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that  honor.  Mr.  Cooper's  administration  was  hampered  by 
many  conditions  from  which  his  successors  were  freed  by  leg- 
islative action.  He  soon  discovered  that  his  power  as  Mayor 
was  very  small ;  but,  instead  of  making  that  fact  an  excuse  for 
sullen  inactivity,  he  accepted  the  situation  with  characteristic 
good-nature,  and  patiently  did  what  he  could. 

When  his  nominees  for  municipal  office  were  rejected  by 
the  political  body  which  then  held,  under  the  city  charter,  the 
power  of  confirmation,  he  smiled,  and  made  other  nominations. 
But  he  thoroughly  exposed,  through  the  reports  of  his  Com- 
missioners of  Accounts  and  otherwise,  evils  which,  under  the 
circumstances  of  that  time,  the  Mayor  lacked  the  power  to  at- 
tack directly  and  to  remove.  In  my  judgment,  his  administra- 
tion planted  the  seeds  of  many  reforms,  of  which  his  successors 
reaped  the  harvest.  I  know  that,  during  that  period,  as  before 
and  after  it,  not  only  Mr.  Hewitt,  but  many  another  conspicuous 
leader,  freely  sought  and  greatly  valued  his  counsels. 

It  must  not  be  inferred  from  his  habitual  gentleness  and 
amiability  that  he  was  capable  of  surrendering  his  personal 
convictions  of  principle  and  duty.  On  the  contrary,  I  think  I 
never  knew  so  immovably  firm  a  will  as  that  of  this  kindly, 
quiet,  modest  man,  who  would  neither  fight  nor  yield.  I  recall 
an  important  public  occasion,  when  he  stood,  against  all  his 
political  associates,  a  silent,  undemonstrative,  unconquerable 
minority  of  one  ;  and,  if  it  were  permissible,  I  could  give  sun- 
dry other  illustrations,  both  in  politics  and  in  business,  of  the 
steadfastness  with  which,  against  all  persuasions,  and  at  the 
sacrifice  of  personal  interests,  he  held  to  his  own  convictions  of 
right.  Nobody  could,  and,  so  far  as  I  am  aware,  nobody  ever 
thought  he  could,  fasten  upon  Edward  Cooper  the  least  charge 
or  suspicion  of  unworthy  motive.  In  a  time  of  excited  politi- 
cal activity  and  business  competition,  in  both  of  which  he  was 
a  by  no  means  insignificant  factor,  he  kept  his  honor  without 
stain,  either  deserved  through  acts  of  his  own,  or  undeserved, 
through  the  slanders  or  the  doubts  of  others. 

Mr.  Cooper  became  a  member  of  the  Institute  in  1874;  and, 
although  he  left  his  own  important  contributions  to  American 
metallurgical  and  mechanical  practice  to  be  described  in  our 
Ti\,nsactions  by  other  writers,  he  maintained,  to  the  time  of  his 
death,  a  hearty  interest  in  the  affairs  of  the  Institute,  and  a  cor- 
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dial  and  helpful  friendship  for  its  members.  Daring  the  twenty 
years  of  my  business  connection  with  him,  as  the  engineer  of 
the  firm  of  Cooper  &  Hewitt,  I  enjoyed,  through  the  generous 
agreement  of  both  partners,  a  free  permission  to  attend  all  the 
meetings  of  the  Institute,  and,  for  about  ten  years  of  the  twenty, 
to  discharge  the  duties  of  its  Secretary,  provided  the  interests 
of  the  firm  of  which  I  had  charge  were  not  allowed  to  sufiter. 
Under  this  proviso,  I  consulted  one  or  the  other  of  them,  as  a 
matter  of  form,  before  going  off  for  a  week  or  more,  to  attend 
an  Institute  meeting;  but  the  matter  was  invariably  referred 
back  to  me,  for  my  own  decision.  I  trust  that  this  decision  was 
always  rendered  with  due  regard  to  the  interests  of  these  gen- 
erous employers.  At  all  events,  the  fact  that,  out  of  ninety 
meetings  of  the  Institute,  I  have  been  present  at  eighty-six,  and 
that  I  attended,  without  objection,  before  or  after  the  event, 
from  either  Mr.  Cooper  or  Mr.  Hewitt,  all  but  one  of  the  meet- 
ings which  occurred  during  the  twenty  years  of  my  business 
connection  with  them,  is  certainly  significant. 

Moreover,  the  firm  leased  to  me,  as  Secretary,  at  the  nomi- 
nal rent  of  $800,  practically  two  floors  of  one  of  the  buildings 
occupied  by  their  business.  In  the  interior  reconstructions 
involved  in  this  arrangement,  Mr.  Cooper  took  the  liveliest  in- 
terest. The  arrangement  itself  was  continued  for  some  years 
after  I  left  the  service  of  the  firm,  and  was  terminated  only 
in  1899,  when  the  work  of  the  Institute  demanded  the  removal 
of  the  Secretary's  office  to  the  commodious  quarters  which  it 
now  occupies. 

I  venture  to  relate  here  an  incident,  trifling  in  itself,  but 
thoroughly  characteristic  of  Edward  Cooper.  One  day,  after 
going  over  with  me  some  matters  of  business,  he  said  suddenly  : 
"  Raymond,  I  notice  in  one  of  your  circulars  a  statement  of  the 
cost  of  life-membership.  Now,  I  have  been  figuring  on  that 
matter;  and  I  find  that,  in  view  of  my  age  and  normal  expec- 
tation of  life,  the  present  value  of  an  annuity  of  |10  would  be 
less  than  the  life-membership  fee.  Consequently,  I  do  not  con- 
sider life-membership  as  a  good  business  investment.  How- 
ever, if  the  Institute  wants  the  money,  that  is  another  ques- 
tion !"  I  assured  him  that  the  Institute  did  not  want  the 
money;  and  he  lived  thereafter  long  enough  to  pay  in  annual 
dues  much  more  than  the  life-membership  fee,  with  compound 
interest ! 
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But  perhaps  the  most  characteristic  service  rendered  to  the 
Institute  by  Mr.  Cooper  is  recognized  in  the  following  minute, 
adopted  by  the  Council,  March  13,  1905  : 

"Hon.  Edward  Cooper,  who  died  Feb.  25,  1905,  in  the  81st  year  of  his  age, 
had  been  for  over  thirty  years  an  honored  member  of  this  Institute,  having 
joined  it,  together  with  his  partner  and  brother-in-law,  Hon.  Abram  S.  Hewitt, 
at  a  time  when  the  encouragement  and  support  of  such  men  were  vitally  impor- 
tant to  it. 

"The  pages  of  its  Transactions  show  the  value  of  his  contributions  to  progress 
in  the  metallurgy  of  iron,  and  his  personal  interest  in  the  success  of  the  Institute 
was  evinced  by  his  discharge,  for  many  years,  of  the  important,  though  not  pub- 
licly proclaimed,  duties  of  a  member  of  its  Finance  Committee.  To  many  of  its 
members  he  was  a  cordial  and  helpful  friend. 

''  His  eminent  services  in  national  and  municipal  affairs,  and  his  upright,  gen- 
erous and  winning  personal  character,  enhance  both  the  just  pride  and  the  inevi- 
table sorrow  with  which  all  who  knew  him  in  any  of  the  manifold  spheres  of  his 
beneficent  activity  now  receive  the  tidings  of  his  decease." 

I  treasure  a  pathetic  letter  from  Mr.  Cooper,  written  not 
long  before  his  death,  in  which  he  requested  to  be  released 
from  the  unostentatious  but  onerous  duty  of  examining  and 
certifying  my  monthly  vouchers,  on  the  sole  ground  that  fail- 
ing eye-sight  prevented  him  from  discharging  it. 

In  common  with  a  host  of  those  who  enjoyed  the  privilege 
of  an  acquaintance  with  Edward  Cooper,  and  as  one  of  the 
smaller  number  who  were  blessed  with  his  daily  companion- 
ship, I  thank  God  for  a  life  so  pure,  so  unselfish,  and  so  greatly 
useful  to  mankind. 


Biographical  Notice  of  Alexander  B.  Coxe. 

BY   R.    W.    RAYMOND,    NEW   YORK,    N.    Y. 

(Bethlehem  Meeting,  February,  1906.) 

Alexander  Brinton  Coxe  was  born  in  Philadelphia,  Pa., 
Jan.  19,  1838,  the  second  of  five  sons  of  Hon.  Charles  Sidney 
Coxe  and  Ann  Maria  Brinton.  A  more  extended  history  of 
his  family  and  its  important  relations  to  the  development  of 
the  United  States  will  be  found  in  my  Biographical  Notice 
of  his  younger  brother,  Eckley  B.  Coxe,  published  in  1895,'  It 
is  therefore  sufiicient  to  say  here  that  Dr.  Daniel  Coxe,  a  dis- 

^  Trans.,  xxv.,  446  to  476  (1895). 
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tinguished  physician  and  surgeon  of  London,  and  a  medical 
attendant  of  Charles  II.  and  Queen  Anne,  purchased,  in  1684 
and  1686,  lands  in  East  and  West  Jersey  from  grantees  of  the 
Duke  of  York,  and  became  Governor  of  West  Jersey,  in  which 
capacity  he  did  much  to  develop  the  provincial  fisheries,  the 
manufacture  of  marine  salt  and  pottery,  the  exportation  of  tim- 
ber and  the  West  India  trade.  In  1698,  having  acquired  the 
royal  patent  of  the  Province  of  "  Carolana,"  covering  (with 
some  reservations)  the  territory  extending  from  the  Atlantic  to 
the  Pacific,  between  the  31st  and  36th  parallels  of  X.  la,titude, 
Gov.  Coxe  sent  an  expedition  from  Charleston,  S.  C,  to  the 
Mississippi.  In  1769,  seventy  years  later,  his  grandchildren 
surrendered  to  the  Crown  their  title  under  this  vast  and  vague 
patent,  receiving  in  return  a  grant  of  100,000  acres  in  the 
Colony  of  Is^ew  York. 

The  line  of  his  descendants,  so  far  as  they  concern  this  sketch, 
is  as  follows : 

1.  Col.  Daniel  Coxe,  his  son,  b.  1673,  who  came  to  I^ew 
Jersey  in  1700;  resided  there  until  his  death  (1730);  held  many 
high  offices;  and  issued  in  London  (1722)  A  Description  of  the 
Provinces  of  Carolana,  containing  probably  the  earliest  published 
plan  of  political  union  for  the  British  Colonies  in  North 
America. 

2.  His  son,  William  Coxe,  b.  1723,  d.  1801,  an  enterprising 
colonial  merchant  and  trader. 

8.  His  son.  Tench  Coxe,  a  leading  political  economist  and 
statesman  of  the  period  immediately  following  the  American 
Revolution;  delegate  to  the  Continental  Congress;  Hamilton's 
Assistant  Secretary  of  the  Treasury  ;  the  introducer  of  the  Ark- 
wright  loom  ;  the  earliest  and  most  influential  advocate  of  the 
production  of  cotton  in  the  United  States  ;  the  prophet  of  the 
use  and  value  of  coal  as  fuel ;  and  the  purchaser,  in  reliance  upon 
his  own  prophecy,  of  large  tracts  of  coal-land  in  Pennsylvania. 

4.  His  son,  Charles  Sidney  Coxe,  b.  1791,  d.  1879,  a  distin- 
guished lawyer,  at  dilterent  times  District  Attorney,  and  Dis- 
trict Judge  in  Philadelphia,  who  devoted  himself,  outside  of  his 
professional  duties,  to  the  preservation  and  administration  of 
the  coal-lands  of  his  father's  estate,  and  who  educated  his  sons 
with  special  reference  to  the  future  conduct  of  the  great  devel- 
opment foreseen  by  him. 
VOL.  XXXVII. — 23 
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Alexander,  the  second  of  these  sons,  is  the  subject  of  the  pres- 
ent sketch  .- 

Alexander  Brinton  Coxe  was  educated  first  at  the  classical 
school  of  Dr.  Faries,  recognized  for  more  than  fifty  years  as 
the  best  of  its  class  in  Philadelphia.  A  good  student,  like  all 
his  brothers,  he  was  able  at  the  age  of  fourteen  (1852)  to  enter 
the  University  of  Pennsylvania,  where  he  was  graduated  in 
1856.  Fond  of  open-air  exercises,  and  especially  of  rowing,  he 
pulled  an  excellent  oar  in  the  University  Barge  Club.  After 
graduation,  and  with  a  view  to  the  future  duties  of  his  life,  he 
spent  two  or  three  years  in  a  Philadelphia  counting-house  of  the 
old  school,  where  the  traditional  methods  of  commerce  and  trade 
were  rigidly  observed  and  taught.  Of  course,  these  old  fash- 
ions were  already  giving  way  to  newer  ones,  under  the  pressure 
of  altered  conditions;  and  Mr.  Coxe,  conducting  in  after  years 
a  business  of  production,  transportation  and  trade,  the  extent, 
complexity  and  intense  activity  of  which  would  have  paralyzed 
the  energies  and  systems  of  his  first  employers,  may  have  smiled 
as  he  recalled  their  maxims  and  methods.  Yet,  in  business  as 
in  politics,  a  thorough  knowledge  of  the  old  is  the  only  safe 
basis  for  an  intelligent  judgment  and  choice  of  the  new.  At  all 
events,  the  subsequent  honorable  career  of  the  firm  of  Coxe 
Brothers  &  Co.  exhibited,  through  all  modern  novelties  of  or- 
ganization and  operation,  the  old-fashioned  virtues  which  no 
amount  of  progress  can  afford  to  discard. 

As  a  further  preparation  for  his  life-work,  Mr.  Coxe  made,  at 
the  age  of  about  twenty-two,  an  extended  tour  in  Europe,  re- 
turning from  which,  soon  after  the  beginning  of  the  War  of  the 
Rebellion,  he  entered  the  Union  army  as  an  Aide  upon  the  staff" 
of  Major-General  Meade,  who  highly  esteemed  his  character  and 
service. 

In  1865,  the  firm  of  Coxe  Brothers  &  Co.  was  formed  for  the 
development  of  the  anthracite-lands  inherited  from  their  grand- 
father, Tench  Coxe,  and  preserved,  with  prescient  labor  and 
sacrifice,  by  their  father.  For  forty  years  (until,  a  few  weeks 
before  his  death,  the  property  of  the  firm  was  transferred  to  the 

^  For  many  of  the  particulars  of  this  sketch,  I  am  indebted  to  Mr.  John  Cad- 
walader,  of  Philadelphia,  a  brother-in-law  of  Eckley  B.  Coxe.  Indeed,  I  might 
have  copied  verbatim  the  excellent  account  sent  me  by  Mr.  Cadwalader,  but  for  my 
desire  to  interpolate  personal  knowledge  and  comments  of  my  own. 
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Lehigh  Valley  Railroad  interest),  Alexander  Coxe  devoted  him- 
self unremittingly  to  that  great  business.  Three  of  his  brothers 
and  a  cousin  (Franklin  Coxe),  who  had  constituted  the  original 
firm,  successively  died,  leaving  him,  at  last,  to  carry  alone  the 
burden  of  this  immense  responsibility.  His  brother  Eckley, 
who  died  in  1895,  had  always  been,  not  only  the  technical 
manager  of  the  colleries  operated  by  the  firm,  but  also  the  most 
evident  and  eminent  representative  of  its  position  and  policy. 
Fortunately,  he  had  lived  long  enough  to  settle  many  questions 
involved  in  his  own  peculiar  department  of  administration,  so 
that,  for  the  succeeding  ten  years,  the  skillful  engineers  of 
the  house  were  doubtless  able  to  take  his  place.  But  during 
his  life-time,  no  less  than  after  his  death,  the  all-important  finan- 
cial management  and  undertakings  of  Coxe  Brothers  &  Co.  were 
chiefly  directed  by  his  brother  Alexander.  And  I  had  occasion 
to  know  personally  that  the  two  brothers  consulted  freely,  and 
acted  in  perfect  harmony,  upon  all  subjects  connected  with  any 
part  of  their  business. 

One  of  the  most  important  of  these  subjects  was  the  relation 
of  the  firm  to  its  working  employees.  In  my  Biographical  No- 
tice of  Eckley  B.  Coxe,  already  cited,  I  have  described  and  dis- 
cussed at  some  length  the  principles  and  the  policy  of  the  house 
in  this  respect;  and  that  statement  need  not  be  repeated  here. 
But  I  then  realized  that,  even  in  eulogy  of  the  departed,  I  ought 
not  to  ignore  the  merits  of  the  living ;  and  I  am  now  glad  to 
find  that  I  expressed  that  feeling  in  the  following  foot-note,'' 
which  I  regard  as  worthy  of  repetition  : 

"  It  is  impossible  to  separate,  in  such  matters,  the  part  taken  by  the  family  as 
individuals  from  that  of  the  company  which  was  their  business  representative,  or 
the  part  of  Eckley  B.  Coxe  himself  from  that  of  the  kindred  who  so  heartily  united 
with  him  in  every  good  work.  While  I  comply  with  their  own  desire,  as  well  as 
with  the  general  rule  of  justice,  in  ascribing  to  him  the  credit  for  the  undertakings 
of  all  kinds  in  which  he  was,  so  to  speak,  the  official  leader,  I  cannot  forbear  to 
say  here,  once  for  all,  that  I  do  not  believe  he  could  have  accomplished,  and  I 
scarcely  believe  he  would  have  undeitaken,  so  much,  without  the  cordial  and  ef- 
fective support  of  his  Avife  and  his  brothers  and  sisters.  This  qualification  does 
not  in  the  least  detract  from  his  fame  ;  and,  on  the  other  hand,  it  furnishes  the 
assurance  that  his  wisely  benevolent  schemes  and  policies  will  not  end  with  his 
death." 

The  expectation  thus  expressed  has  been  fully  realized  in  the 
years  which  have  since  elapsed. 

»  Trans.,  xxv.,  467  (1895). 
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Soon  after  entering  upon  active  business,  Mr.  Coxe  married 
Sophy,  daughter  of  Richard  Xorris,  of  Philadelphia,  who,  with 
a  married  daughter  (Mrs.  Charlton  Yarnall)  and  four  grand- 
children, survives  him.  But  no  account  of  his  life  would  be 
complete  without  mention  of  his  son,  Daniel,  who  bore  the  name, 
and  inherited  the  ability,  of  distinguished  ancestors,  and  in 
whom  a  father's  affection  and  ambition  were  centered.  Unfor- 
tunately, this  only  and  gifted  son  was  handicapped  in  youth  by 
physical  frailness,  which  required  unremitting  care,  change  of 
climate,  etc.  As  he  grew  older,  he  became  stronger,  and  was 
able  to  exercise  eifectively  "his  exceptional  taste  and  talent  for 
mechanical  ensrineerino;.  He  desio;ned  and  constructed  a  loco- 
motive  which  was  highly  approved  by  expert  railroad-engi- 
neers ;  and  he  constructed  a  narrow-gauge  track,  upon  which 
practical  tests  of  his  invention  could  be  made.  His  models  were 
exhibited  at  the  Chicago  Columbian  Exhibition  in  1893.  It 
was  a  doubly  cruel  blow  to  his  proud  and  loving  father,  when 
this  promising  son,  after  surmounting  the  perils  and  drawbacks 
of  physical  weakness,  was  killed  by  the  accidental  upsetting  of 
his  own  engine  upon  his  own  track.  Concerning  such  a  be- 
reavement, I  can  say  nothing,  because  I  know  so  much.  But 
I  may  be  permitted  to  bear  witness  to  the  encouragement  and 
help  derived  from  the  example  of  a  father,  thus  stricken  and 
stripped,  who  still  recognized  the  claims  of  duty,  and,  with 
courage  and  patience,  "  endured  to  the  end." 

Alexander  B.  Coxe  was  by  no  means  limited  in  his  sympa- 
thies and  activities  to  the  sphere  of  his  own  business.  He  oc- 
cupied many  positions  of  trust,  among  which  may  be  named 
those  of  director  of  the  Lehigh  Valley  R.  R.  Co.,  the  Pennsyl- 
vania Co.  for  Insurance,  etc.,  and  the  old  Mutual  Assurance 
Co.  (familiarly  known  as  "The  Green  Tree"),  the  duties  of 
which  he  faithfully  discharged.  In  social  matters  also  he  was 
an  influential  participant,  securing  by  kindliness  and  courtesy 
the  good-will  of  all. 

Until  within  a  very  few  days  of  his  death,  he  appeared  to  be 
in  excellent  health,  though  he  had  undoubtedly  overstrained 
his  energies  in  recent  labors,  and  had  thus  lost  the  power  of 
resistance  to  a  sudden  attack  of  disease.  So  it  came  to  pass 
that  he  succumbed  to  a  severe  cold,  developing  into  pneumonia 
— the  malady  so  fatal  to  patients  advanced  in  years,  and  the 
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one  which,  accordhig  to  high  authority,  still  remains  beyond 
the  comprehension  or  control  of  modern  medical  science — and, 
after  a  brief  illness,  died  Jan.  22,  1906,  leaving  behind  him  a 
multitude  of  mourning  friends,  and  the  memory  of  a  long, 
blameless,  fruitful  life. 

Mr.  Coxe  joined  the  Institute  in  1880,  and,  although  fully 
qualified  to  be  a  Member,  modestly  preferred  to  receive,  and  to 
retain  for  twenty-five  years,  the  title  of  Associate. 


A  Simple  Rotary  Distributor  for  Blast-Furnace  Charges. 

BY   DAVID   BAKER,    PHILADELPHIA,    PA. 

(London  Meeting,  July,  190G.) 

In  a  paper  presented  to  the  American  Institute  of  Mining 
Engineers,  September,  1904,  entitled  "Improvements  in  the 
Mechanical  Charging  of  the  Modern  Blast-Furnace,"^  I  showed 
the  great  fault  of  mechanical  charging-devices  to  be  that  the 
materials  charged  by  the  dumping  of  the  skip  were  separated, 
the  coarse  materials  having  high  velocity,  and  the  fine,  low — 
thus  giving  paths  of  low  resistance  through  the  stock  in  the 
furnace,  which  resulted  in  unequal  distribution  of  the  furnace- 
gases,  unequal  reduction,  slips,  scaftblds,  irregular  cutting  of 
the  inwall,  "oif"  iron,  and  increased  fuel-consumption.  I 
showed  how  this  could  be  prevented  by  rotary  distribution, 
through  which  the  irregular  distribution  in  one  layer  charged 
is  compensated  by  charging  the  subsequent  layers  from  succes- 
sively varied  positions  of  the  charger,  and  becomes  practically 
eliminated  when  the  angle  between  two  successive  positions  is 
a  little  more  or  less  than  an  even  fraction  of  a  full  circle.  Of 
all  the  devices  then  on  the  market,  the  nearest  approach  to  the 
ideal  arrangement  was  found  in  the  Brown  distributor,  a  full 
description  of  which  was  given.  The  one  defect  pointed  out, 
however,  was  the  diificulty  of  maintaining  so  much  mechanism 
on  the  top  of  a  blast-furnace. 

Since  the  presentation  of  that  paper,  I  have  designed  a  very 


1   Trans.,  xxxv.,  553  to  575  (1905). 
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simple  form  of  rotary  distributor,  which  may  be  applied  to  any 
form  of  double-bell  charger,  retaining  the  perfect  gas-seal,  which 
is  so  admirably  obtained  by  that  construction. 

In  seeking  protection  for  this  invention,  I  found  no  simi- 
lar distributor  on  record  in  the  patent  oflices  of  the  various 
countries  where  application  was  made  ;  but  an  application  show- 
ing the  same  construction  was  filed  in  the  United  States  shortly 
afterwards  by  Mr.  Albrecht  B.  Neumann,  of  Chicago,  111.  A 
joint  ownership  of  the  invention  was  the  result ;  and  the  ap- 
paratus has  received  the  name  of  the  Baker  and  Neumann 
distributor. 

Fig.  1  shows  the  top  of  a  modern  skip-tilled  furnace,  provided 
with  a  main  bell,  closing  the  mouth  of  the  furnace,  and  a  gas- 
seal  bell  above,  closing  the  gas-seal.  It  will  be  noticed  that  this 
small  bell,  which  in  ordinary  construction  permits  a  discharge 
of  the  materials  all  around  its  periphery,  is  here  provided  with 
a  deflector-plate  that  causes  the  material  to  discharge  around 
only  one-half  of  its  circumference,  when  the  bell  is  lowered. 
The  dotted  lines  show  the  position  of  the  distributing-bell  and 
plate  when  the  load  is  discharged, 

Eotation  is  given  to  the  bell  and  plate  during  its  upward 
movement  to  close,  by  the  ratchet-lever  (A),  which  drives  the 
bevel-gear  (i>),  through  which  the  hollow  rod  (C)  passes,  but  to 
which  it  is  rotatably  connected  by  two  wings  or  feathers,  pro- 
jecting from  opposite  sides  of  the  hollow  bell-hanger  and  travel- 
ing in  corresponding  grooves  in  the  hub  of  the  bevel-gear  (5). 

Fig.  2  is  an  enlarged  view  of  the  upper  end  of  the  hollow 
distributing-bell  hanger,  the  crosshead  connection  to  the  bell- 
operating  beam  and  the  bevel-gear  driver,  showing  also  the 
ratchet-lever  [A)  and  its  method  of  attachment  to  the  bell-op- 
erating lever,  with  the  connection  of  the  indicator-rod  leading 
to  the  ground. 

By  drilling  holes  where  required,  the  ratchet-lever  may  be 
provided  with  several  points  of  attachment  to  the  bell-beam, 
and  the  revolution  of  the  distributor  set  at  any  angle  desired. 
The  ratchet  permits  the  lowering  of  the  distributing-bell  with- 
out imparting  any  turning  movement  to  the  plate  and  bell;  but 
the  rotation  is  made  during  the  closing  of  this  bell,  when  it  is 
without  any  load. 

This  construction  can,  therefore,  be  made  strong  and  simple, 
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with  few  parts,  requiring  very  little  attention,  and  practically 
as  simple  and  durable  as  tlie  bell-beams.  The  preferred  method 
of  operation  is  to  send  the  fuel  of  the  charge  to  the  top  in  four 
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skips  and  the  ore  and  limestone  in  the  following  four  skips ; 
but  in  some  localities  it  has  been  found  advantageous  to  hoist 
the  flux  and  coke  together. 

When  the  whole  charge  is  thus  hoisted  in  eight  skips,  the 
distributing-bell  is  set  to  rotate  91°  at  each  discharge,  which 
causes  the  center  points  of  each  discharge  of  the  distributing- 
bell  to  rotate  8°  for  each  charge  from  the  position  of  the  pre- 
ceding charge.  The  overlapping  corrects  the  sorting  which 
may  have  been  made  in  any  one  charge. 

It  is  possible,  when  desired,  to  arrange  the  throw  of  the  dis- 
tributor a  little  more  than  120°  or  180°,  depending  on  how  the 
furnace-charge  is  to  be  hoisted,  but  I  prefer  to  hoist  the  charge 
in  eight  skips  and  give  a  91°  movement  to  the  distributor. 

At  the  present  writing,  seven  furnaces  have  been  equipped 
with  this  device,  the  first  one  having  been  installed  a  little  over  a 
year  ago.  As  was  expected,  the  mechanical  part  of  the  arrange- 
ment has  given  no  trouble  whatever.  A  door  is  provided,  how- 
ever, in  the  receiving-hopper,  through  which,  by  means  of  a 
steel  bar  and  sledge,  the  plate  may  be  cut  loose  in  a  few  min- 
utes, and  dropped  into  the  furnace.  Fortunately,  this  safeguard 
has  never  been  needed. 

The  results  of  the  operation  of  this  method  of  distribution 
have  been  very  gratifying.  The  work  of  the  three  furnaces  in 
which  the  device  was  first  installed,  compared  with  their  pre- 
vious record,  shows  an  average  saving  in  fuel  of  5.4  per  cent., 
an  increase  in  production  of  21.6  per  cent.,  a  large  reduction  in 
the  flue-dust  thrown  off,  and  a  great  increase  in  regularity  of 
running. 
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The  Gas-Producer  as   an  Auxiliary  in   Iron   Blast-Furnace 

Practice. 

BY  R.    H.    LEE,    LIBERTY  FURNACE,    VIRGINIA. 

(London  Meeting,  July,  1906.) 

Without  doubt,  one  of  the  most  frequent  and  serious  an- 
noyances connected  with  the  practical  running  of  a  blast-fur- 
nace, especially  in  single-furnace  plants,  is  caused  bj  low 
steam,  in  spite  of  the  fact  that  all  boilers  at  blast-furnaces  have 
grates  for  burning  coal,  and  that  coal  is  more  or  less  continu- 
ously burned  upon  them,  from  three  to  a  dozen  men  being 
pretty  constantly  engaged  around  the  boilers  as  firemen  or 
coal-  and  ash-handlers. 

At  times,  when  the  furnace  is  "  tight,"  all  available  men  are 
put  on  to  assist  the  regular  firemen;  yet  sufiicient  steam  can- 
not be  got  to  keep  the  engines  up  to  their  regular  number  of 
revolutions,  while  the  stoves,  deprived  of  the  gas  which  has 
been  sent  to  the  boilers,  run  cold,  so  that,  when  the  furnace 
loosens  up  and  resumes  the  regular  rate  of  driving,  the  blast  is 
very  considerably  below  normal  temperature,  and  a  "cold,"  or 
at  best  a  "  high-sulphur,"  cast  is  the  result.  Again,  it  often 
happens  that  a  furnace,  running  at  its  best,  becomes  tempora- 
rily a  little  too  hot :  the  pressure  rises ;  the  amount  of  gas  made 
is  diminished;  the  steam  soon  commences  to  go  down;  and  a 
small  scaffold  is  likely  to  form  before  the  furnace  has  been 
brought  back  to  the  proper  rate  of  driving,  and  thus  enabled 
to  take  its  regular  amount  of  blast.  The  usual  remedy  is  either 
to  "jerk"  the  furnace  by  a  sudden,  brief  intermission  in  blow- 
ing, or  to  cool  the  furnace  by  lowering  the  heat  of  the  blast; 
but  if  the  lower  blast-temperature  be  maintained  too  long,  the 
hearth  and  descending  stock  may  be  cooled  below  the  "  critical 
temperature "  mentioned  by  Mr.  Johnson,^  and  the  furnace 
may  go  to  the  other  extreme,  and  become  cold.  This  is  espe- 
cially the  case  when  coal  or  coke  high  in  sulphur  is  used. 

^  Notes  on  the  Physical  Action  of  the  Bla.st- Furnace,  Trans.,  xxxvi,,  454  to  488 

(1906). 
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Possibly  a  clay  or  more  may  be  consumed  in  getting  the  fur- 
nace back  to  normal  conditions. 

The  great  value  of  an  abundant  blast-capacity  in  the  hand- 
ling of  a  furnace  was  once  brought  home  to  me  in  a  striking 
manner,  in  the  management  of  a  furnace  of  250  tons  capacity, 
working  on  soft  coke  and  a  very  fine  brown  hematite,  similar 
in  structure  and  fineness  to  the  Lake  Superior  Mesabi  ores.  It 
was  one  of  a  plant  of  three  furnaces;  but  the  gas-mains  of  the 
farnaces  were  not  connected.  Consequently,  when  steam  was 
low  on  one  furnace,  no  help  could  be  obtained  from  its  neigh- 
bors, and  the  engines  of  this  particular  furnace  were  always 
run  at  their  full  capacity.  The  soft  coke  and  fine  ore  gave  rise 
to  more  or  less  sticking,  which  was  handled  in  the  usual  way. 
During  the  campaign,  the  blast-main  from  the  spare  engine  of 
one  of  the  other  farnaces  (95  by  21  ft.  in  size)  was  connected 
with  this  furnace,  so  that,  while  the  latter  depended  ordinarily 
upon  its  own  boilers  and  engines,  the  spare  engine  of  the  large 
furnace  could  be  at  once  put  on,  if  the  pressure  of  blast  began 
to  rise.  Since,  however,  the  loss  of  blast  from  unavoidable 
leakage  around  a  furnace  increases  rapidly  with  the  pressure, 
it  was  not  sujQicient  to  add  merely  enough  blast  from  the  spare 
engine  to  make  up  for  the  loss  measured  by  the  revolutions  of 
the  regular  engines ;  much  more  than  this  theoretically  neces- 
sary amount  was  always  needed.  The  normal  amount  of  blast 
used  was  about  28,000  cu.  ft.  per  min.  at  from  11  to  12  lb. 
pressure.  The  spare  engine,  a  double  compound  Tod  of 
30,000  cu.  ft.  capacity,  was  generally  run  at  about  20  rev.  per 
min.,  thus  giving  about  15,000  cu.  ft.  extra.  As  a  rule,  if  the 
foreman  put  on  the  extra  engine  as  soon  as  the  gauge  showed 
the  pressure  of  the  blast  to  be  increasing,  20  min.  sufficed  to 
loosen  the  stock  and  get  the  furnace  back  to  its  normal 
"gait;"  but  if,  as  was  sometimes  the  case,  the  pressure  was 
allowed  to  go  up  3  or  4  lb.  before  it  was  possible  to  furnish 
this  relief  (the  spare  engine  being  at  work  on  its  own  furnace), 
then  one  and  sometimes  two  hours  of  hard  blowing  were  re- 
quired. The  usual  remedies  of  "jerking"  and  cutting-down 
the  heat  of  the  blast  were  discontinued ;  and  the  only  one  used 
afterwards  was  the  very  simple  procedure  of  turning  on  the 
spare  engine  for  a  short  time,  upon  which  the  pressure  gradu- 
ally fell  to  the  normal,  when  the  extra  engine  was  taken  ofi:'. 
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Under  this  treatment,  the  furnace  was  not  only  more  quickly 
loosened  up,  but,  since  the  rate  of  driving  had  not  been  much 
reduced,  the  tonnage  suffered  but  little. 

It  is  true  that,  under  the  various  conditions  of  practice,  all 
furnaces  do  not  behave  in  the  same  manner,  so  that  adding  more 
blast  for  a  short  time  may  not  prove  successful  in  all  cases; 
but  situations  in  which  an  abundant  reserve  of  blast  would  be 
of  advantage  occur  very  often,  as  every  furnace-man  knows. 

A  large  number  of  boilers  of  the  best  modern  water-tube 
types  will  not  effect  this  result,  because,  as  soon  as  the  gas-sup- 
ply to  a  boiler  is  reduced,  the  steam  must  fall  from  lack  of  fuel. 
Firing  with  coal,  of  course,  helps  to  a  certain  extent;  but  it 
does  not  take  the  place  of  abundant  gas.  Forced  draft,  with 
hand-firing,  although  better  than  hand-firing  with  natural  draft, 
is  not  as  efficient  as  plenty  of  gas.  The  automatic  stoker  avoids 
the  cooling  due  to  frequent  opening  of  charging-doors  involved 
in  feeding  coal  by  hand ;  but  it  is  impossible  to  push  the  stokers 
beyond  a  certain  speed,  so  that,  except  in  the  amount  of  labor 
required,  the  machine  has  no  particular  advantage  over  hand- 
firing  with  forced  draft,  for  the  rapid  raising  of  steam  in  an 
emergency.  Moreover,  it  is  useless  to  add  boilers  to  a  furnace- 
plant  beyond  a  certain  limit,  because,  unless  there  is  sufficient 
gas  to  fill  the  combustion-chambers  properly,  no  advantage  is 
gained.  On  the  contrar}',  the  results  are  not  as  good  as  those 
attainable  with  fewer  boilers  and  more  gas  to  each  one. 

It  seems  necessary,  therefore,  to  adopt  some  other  means  for 
supplying  additional  blast  at  need ;  and  I  can  see  no  cheaper 
or  more  feasible  means  than  the  use  of  a  gas-producer  driven 
by  forced  draft. 

With  producers,  the  amount  of  coal  burned  in  good  practice 
would  not  vary  much  from  what  is  now  used.  Even  the  light 
fires  kept  on  the  boiler-grates  to  keep  the  gas  lit  might  be  dis- 
pensed with,  since  the  flow  of  gas  to  the  boilers  would  not  be 
checked,  and  there  would  be  no  danger  of  the  flames  going  out. 
The  net  calorific  eflfect  of  coal  burnt  under  the  boilers  and  in 
the  gas-producers,  respectively,  is,  if  not  the  same,  rather  in 
favor  of  the  producer ;  indeed,  the  efficiency  of  carbon  burnt 
in  the  form  of  producer-gas  is  claimed  to  be  from  5  to  25  per 
cent,  greater  than  that  of  direct  combustion  of  solid  fuel.  It 
is  certain,  therefore,  that  no  more  coal  would  be  used  than  in 
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the  present  way,  while  the  producer  would  give  the  added  ad- 
vantage of  permitting  at  all  times  a  perfect  control  of  the 
amount  of  gas  under  the  boilers.  Moreover,  a  glance  at  the 
following  average  analyses  of  producer-  and  furnace-gases 
shows  the  greater  richness  of  the  former,  and  the  great  advan- 
tage of  having  them  available,  as  a  portion  of  the  gaseous  mix- 
ture burned  under  the  boilers. 

Average  Analyses  of  Producer-  and  Furnace- Gases. 


Carbon  monoxide  (CO), 
Carbon  dioxide  (CO./), 
Hydrogen  (H),  . 
Methane  (CH4),  . 
Nitrogen  (N),     . 


A.  B. 

Producer-Gas.  Furnace-Gas. 
olume  Percentage.      Volume  Percentage. 

22.0  to  30.0.  25.0 

6.0  to    1.5  13.5 

15.0  to    7.0  1.5     • 

3.0  to    1.5  0.0 

54.0  to  60.0  60.0 

100.0     100.0  lUO.O 


A,  from  E.  D.  Wood  &  Co.'s  pamphlet  on  Producer-Gases;  B,  from  50  analyses 
made  under  the  writer's  direction. 

The  arrangements  for  delivering  the  producer-gas  to  the 
boilers,  and  the  size  and  form  of  burners  used,  would  naturally 
vary  according  as  local  conditions  demand.  Either  overhead  or 
underground  mains  could  be  used,  provided  there  were  proper 
cleaning-facilities.  Separate  mains  for  the  blast-furnace  gas 
and  the  producer-gas  should  be  employed  :  (1)  in  order  that  the 
producer-gas  main  could  be  cleaned  without  shutting  down  the 
furnace  ;  (2)  to  prevent  the  producer-gas  from  flowing  up  the 
down-comer  to  the  top  of  the  furnace,  instead  of  being  drawn 
under  the  boilers.  This  would  occur  only  when  shutting  oft* 
the  blast,  and  would  be  due  to  insufficient  height  of  the  boiler- 
chimney,  though  otherwise  this  might  be  as  high  as  present 
practice  demands.  The  latter  risk  could  be  obviated  by  means 
of  suitable  valves  placed  between  the  boilers  and  the  furnace; 
but  such  valves  would  have  to  be  closed  at  every  step,  w^hich 
would  be  troublesome,  and  therefore  might  sometimes  be  for- 
gotten. 

The  greater  cost  of  separate  mains  and  separate  burners  at 
the  boilers  might  be  advanced  as  an  argument  for  turning  the 
producer-gas  into  the  blast-main  from  the  furnace  to  the  boiler- 
plant;   but  I  believe  the  two  objections  above  noted  would,  in 
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the  long  run,  more  than  counterbalance  the  saving  in  first-cost 
resulting  from  using  a  single  system  of  mains  for  both  gases. 

The  use  of  producer-gas  in  the  stoves,  as  well  as  under  the 
boilers,  is  not  suggested  as  one  of  the  advantages  to  be  secured 
by  having  a  few  producers  connected  with  a  blast-furnace.  If 
desired,  the  producer-gas  could  as  easily  be  introduced  into  the 
stoves  as  under  the  boilers;  but  its  use  there  would  be  so  infre- 
quent as  hardly  to  warrant  the  expense  of  installation.  The 
real  advantage  of  adding  producers  to  a  blast-furnace  plant 
would  be  confined  to  the  boilers,  where  the  gain  from  having 
an  abundant  supply  of  rich  gas,  under  perfect  control,  would 
very  soon  repay  the  cost  of  installation  by  increased  output  and 
greater  regularity  of  product. 

To  a  plant  of  three  or  more  blast-furnaces,  gas-producers 
would  not  be  of  as  great  value  as  to  a  single  furnace ;  yet  even 
with  three  or  four  connected  furnaces,  coal  must  be  burned 
under  the  boilers;  and  in  this  case,  also,  the  gas-producers 
would  have  the  advantage  over  the  present  mode  of  coal-firing, 
that  a  greater  calorific  efifect  is  obtained  from  the  fuel.  In 
either  case,  the  labor  would  be  a  trifle  less,  and  the  firing 
would  be  under  better  control,  which  would  mean  less  varia- 
tion in  the  amount  of  air  blown  through  the  furnace,  with  all 
the  well-known  attendant  advantages  of  such  regularity. 
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Internal  Stresses  and  Strains  in  Iron  and  Steel. 

BY   HENRY   D.    HIBBARD,    PLAINFIELD,    N.    J. 

(London  Meeting,  July,  1906.) 

I.  Introduction 

A  NOTED  ordnance  engineer  once  said  to  a  friend,  in  speaking 
of  the  production  of  great  steel  guns,  "  How  is  it  ?  We  de- 
sign our  guns  with  a  factor  of  safety  of  eight,  and  the  guns 
burst." 

The  vague  way  in  which  internal  stresses  and  strains  in  iron 
and  steel  are  often  considered  and  spoken  of  makes  it  worth 
while  to  examine  them,  as  to  their  nature,  their  causes  and  re- 
sults, how  they  may,  for  useful  purposes,  be  advantageously 
dealt  with,  and  how,  when  detrimental  or  dangerous,  they  may 
be  reduced  or  kept  within  harmless  proportions. 

Rankine  defines  "  strain  "  as  a  change  of  form  or  dimensions 
of  a  solid  or  liquid  mass  produced  by  a  stress.  This  definition 
seems  intended  not  to  cover  strains  due  to  internal  stresses,  and 
it  will  help  us  in  the  present  inquiry  to  consider  strain  as  a  ten- 
dency to  change  as  well  as  an  actual  change  of  form. 

Internal  strains  in  iron  and  steel  are  the  result  of  stresses 
within  the  mass  of  the  piece,  some  parts  pulling  and  others 
pushing  in  resistance  to  them;  or,  in  other  words,  some  parts 
are  in  tension  and  some  in  compression,  each  part  striving  to 
relieve  itself  from  strain  and  make  the  piece  assume  a  form 
in  which  all  parts  are  at  rest.  Subdivision,  so  that  each  part 
could  relieve  its  strain  by  motion  relative  to  the  other  parts, 
would,  if  carried  out  far  enough,  practically  obliterate  strain. 

The  internal  strains  we  are  now  to  consider  are  not  those 
due  to  the  stresses  of  the  service  which  the  piece  is  rendering, 
either  alone  or  as  a  part  of  a  structure,  which  may  be  termed 
service-strains,  but  those  which  originate  or  at  least  are  con- 
tained in  the  piece  itself. 

Internal  stresses  in  a  piece  of  metal  are,  like  action  and  re- 
action, always  equal  and  in  opposite  directions.     The  stresses 
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of  every  part  iu  tension  are  balanced  by  those  of  other  parts 
in  compression.  If  a  part  chiefly  under  tension  is  removed,  as 
by  cutting  it  away  from  the  piece,  the  remainder  will  at  once 
adjust  itself  so  that  the  stresses  are  equalized,  and  a  part  which 
has  been  under  compression  will  become  under  tension,  while 
the  total  amount  of  stress  in  the  piece  will  be  reduced,  accom- 
panied by  a  change  of  shape,  because  the  remainder  of  the 
piece  will  not  have  then  the  same  amount  of  compression-  and 
tension-stresses.  Cutting  away  metal  along  the  neutral  axis  of 
a  bar,  however,  as,  for  instance,  by  drilling  a  hole  through  the 
center  of  a  flat  cold-rolled  bar,  often  may  be  done  without 
causing  an  appreciable  change  of  shape. 

The  importance  of  internal  strains  depends  on  their  intensity 
as  well  as  on  the  ductility  of  the  metal.  Strains  which  could  be 
allowed  with  impunity  in  a  ductile  or  tough  steel  might  be  fatal 
to  the  integrity  of  the  piece  were  the  metal  a  hard,  brittle  variety. 

Strains  exist  in  all  pieces  of  cold  iron  and  steel,  but  as  the 
term  is  generally  used  it  refers  only  to  such  as  are  made  ap- 
parent in  some  way,  such  as  causing  a  change  in  the  physical 
properties,  rupture,  danger  of  rupture  or  change  of  shape  of 
the  piece. 

Internal  strains  reduce  the  specific  gravity  of  a  piece  of  iron 
or  steel.  Consequently,  the  metal  is  heaviest  when  it  is  in  the 
annealed  state,  meaning  that  variety  of  annealing  which  is  the 
result  of  heating  to  redness  followed  by  slow  cooling.  It  is  a 
common  error  to  assume  that  a  piece  of  steel  which  has  been 
cold-hammered  or  cold-rolled  or  wire-drawn  is  "  more  dense  " 
after  these  operations  than  it  was  before,  when  it  is  actually 
lighter. 

Internal  strains  accompany  if  they  do  not  indeed  cause  in- 
ferior resistance  of  the  metal  to  chemical  action.  A  file  broken 
ofl",  and  the  broken  end  immersed  in  dilute  hydrochloric  acid, 
has  been  found  to  have  lost  a  greater  thickness  of  metal  from 
the  hardest  part,  at  and  near  the  outside,  iu  which  the  strains 
are  greatest,  than  from  the  less  hard  central  portion.  The  quick 
corrosion  of  wire-nails  and  fence-wire  may  possiblj^  be  ascribed 
to  the  cold-worked  condition,  and  directly  or  indirectly  to  the 
internal  strains.  The  corroding-agent  more  readily  enters  the 
mass  of  the  metal,  it  may  be,  because  of  larger  intermolecular 
spaces. 
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For  the  purpose  of  this  paper,  internal  strains  in  iron  and 
steel  may  be  divided  into  two  classes,  according  to  the  causes 
which  produce  them,  viz. : 

1.  Those  caused  by  an  irregular  rate  of  change  in  tempera- 
ture— that  is,  of  heating  or  cooling. 

2.  Those  caused  by  cold-working  or  permanent  change  of 
shape  of  the  piece  under  consideration  by  mechanical  means 
at  atmospheric  temperatures,  or  at  least  at  temperatures  below 
that  at  which  the  metal  is  softened. 

11.  Internal  Strains  Caused  by  an  Irregular  Rate  of 
Change  of  Temperature. 

This  class  of  internal  strains  is  by  far  the  more  important  of 
the  two. 

Because  iron  expands  when  heated  and  contracts  when 
cooled,  and  indirectly  for  other  reasons,  hereinafter  noted,  in- 
ternal stresses,  and  therefore  strains,  varying  in  all  degrees  from 
harmless  to  fatal,  exist  in  all  pieces  of  iron  and  steel.  This 
arises  from  the  fact  that  all  commercial  iron  and  steel  is  the 
product  of  processes  involving  heat,  the  strains  in  most  cases 
being  those  set  up  by  the  more  or  less  irregular  rate  of  cooling.' 

The  rate  of  change  of  temperature  may  act  in  a  purely 
physical  manner  in  producing  strains,  as  will  be  considered 
later;  or,  wdien  it  comprises  quenching  a  piece  of  steel  from' 
a  high  temperature,  it  may  have  also  a  chemical  effect  on 
the  metal  which,  by  changing  the  properties  thereof,  reducing 
ductility  and  increasing  elastic  limit  until  that  perhaps  coincides  • 
with  the  ultimate  strength,  exercises  a  potent  eifect  on  the  re- 
sulting strains. 

The  amount  of  change  in  temperature  does  not  affect  the-' 
strains  produced.     The  rate  determines  all. 

The  strains  due  to  irregular  cooling,  unless  chemical  changes 
are  involved,  are  apparently  between  part  and  part.  Those  due 
to  cold-working  may  be  considered  as  between  molecule  and 
molecule  because  of  the  disarrangement  of  the  molecular  for- 
mation. The  latter  results  usually  in  strains  between  the  parts 
as  well. 

Strains  wdiieh  come  under  this  division  of  the  subject  should 
be  considered  under  tw^o  aspects:  (1)  those  which  arise  dur- 
ing the  continuance  of  the  causes  which  produce  them — that 
VOL.  XXXVII.— 24 
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is,  temporary  strains — and  (2)  those  which  remain  after  their 
causes  have  ceased  to  act — that  is,  permanent  strains.  Tem- 
porary strains  in  many  cases  become  permanent,  especially 
when  set  up  during  cooling  at  an  irregular  rate.  The  phe- 
nomena of  permanent  strains  are,  daring  their  formation,  the 
same  as  those  of  temporary  strains. 

The  following  cases  will  illustrate  the  two  ways  in  which 
each,  kind  of  strain  may  result  in  rupture  of  the  piece.  When 
an  ingot  of  hard  steel  is  placed  in  a  red-hot  I'urnace,  and  is  so 
ruptured  internally  by  the  faster  expansion  of  the  exterior, 
due  to  the  rapid  heating  it  undergoes,  that  it  separates  into 
pieces  when  forged  or  rolled,  its  ruin  was  caused  by  strains  oc- 
curring while  the  cause — namely,  the  quick  heating — was  in  op- 
eration. This  is  a  tj'pical  example  of  temporary  strains  in  steel. 
"When  a  boiler-plate  of  soft  steel,  lying  cold  on  the  floor  of  the 
shop,  suddenly  cracks,  it  is  because  of  strains  existing  after 
their  cause  had  ceased  its  action.  This  is  the  usual  kind  of  in- 
ternal strain  occurring  in  iron  and  steel,  and  is  the  kind  chiefly 
meant  in  what  follows  in  this  part;  it  is  an  example  of  perma- 
nent strain.  The  two  instances  cited  are,  it  will  be  under- 
stood, extreme  cases,  in  which  the  piece  is  ruptured  by  the  in- 
tensity of  the  strains. 

Strictly  speaking,  permanent  strains  are  but  relatively  per- 
manent, since  they  decrease  when  the  piece  is  again  heated,  or 
perhaps  through  the  seasoning  or  annealing  action  of  time. 
When  strains  result  in  rupture  of  the  piece  of  metal,  they  are 
thereby  much  reduced  in  amount  and  otherwise  modified. 

While  strains  are  unavoidable,  they  are — except  in  special 
cases — undesirable  in  proportion  as  they  are  great.  The  ex- 
ceptions arise  when  the  strains  increase  desirable  properties,  as, 
for  instance,  hardness  in  hardened  steel. 

Expansion  or  contraction  of  iron  or  steel  by  change  of  tem- 
perature does  not,  if  the  new  temperature  has  become  uni- 
form throughout  the  piece  or  structure,  set  up  new  permanent 
strains  or  materially  change  those  existing  between  the  diflerent 
parts  of  the  piece  or  structure,  provided  that  the  different  parts 
are  all  of  the  same  kind  of  metal,  or  at  least  of  metals  having 
the  same  coefiicients  of  expansion.  In  a  structure  made  of 
metals  having  different  coefKcients  of  expansion  rigidly  fast- 
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eiied  together,  a  change  in  temperature  is  sure  to  change  the 
strains,  increasing  or  decreasing  them. 

The  intensity  of  the  strains  considered  in  this  part  depends 
on  the  following  determining  factors  : 

1.  The  rate  of  change  of  temperature; 

2.  The  shape  of  the  piece ; 

3.  The  hulk  or  volume  of  the  piece; 

4.  The  elastic  limit  of  the  metal; 

5.  The  ductility  of  the  metal ; 

6.  The  coeflicient  of  expansion  of  the  metal. 

1.  The  rate  of  change  of  temperature  is  the  great  governing 
condition  producing  or  reducing  internal  strains,  both  temporary 
and  permanent.  The  faster  the  rate,  the  greater  the  strains. 
The  amount  of  change,  however  great,  is  unimportant  in  this 
connection  if  the  rate  be  sufficiently  slow. 

The  rate  depends  on  the  difference  between  the  temperature 
of  the  piece  of  metal  and  that  of  its  environment,  and  on  the 
heat-conductivity  of  the  metal.  The  greater  the  difference  in 
the  temperatures  mentioned,  the  greater  the  strains  resulting, 
and  the  greater  the  heat-conductivity,  the  less  the  strains.  A 
poor  heat-conductor,  like  manganese  steel,  must,  if  of  massive 
form,  be  heated  very  slowly  if  dangerous  strains  are  to  be 
avoided. 

Extreme  cases  in  which  the  rates  of  change  of  temperature 
are  the  greatest  met  with  in  the  practical  manipulation  of  iron 
and  steel  are,  for  rising  temperature,  when  the  article  is  placed 
cold  w^ithin  the  hot  heating-chamber  of  a  furnace,  and  for  low- 
ering temperature,  when  it  is  taken  heated  from  a  furnace  and 
plunged  into  a  cooling-bath. 

With  the  exceptions  noted  later,  any  change  in  temperature 
up  or  down  below  the  degree  of  heat  at  which  it  softens,  pro- 
duces in  a  piece  of  iron  a  somewhat  irregular  rate  of  heating 
or  cooling,  and  hence  alters  the  strains ;  because,  as  heat  must 
enter  and  leave  the  article  through  its  exterior  surface,  the  por- 
tions of  the  article  adjacent  to  the  heated  or  cooled  surface  will 
be  warmer  or  cooler  than  the  parts  farther  away  from  such  sur- 
face. Time  is  required  for  heat  to  pass  from  one  part  of  the 
article  to  another,  due  to  imperfect  conductivity  of  the  metal. 
It  follows,  therefore,   that   during    a  change  of  temperature 
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strains  are  set  up  or  diminished  within  the  piece,  through  the 
differences  in  expansion  and  contraction,  due  to  differences  of 
temperature  of  the  parts.  These  differences  vary  in  degree 
with  the  rate  of  change  in  temperature,  being  the  greater  for 
a  given  iron  or  steel  article  the  more  rapid  such  rate  of  change. 

To  avoid  danger  to  the  piece  from  this  cause,  which  is  the 
one  to  which  may  directl}'  be  laid  nearl}'  all  the  actual  damage 
done  by  strains  in  iron  and  steel,  one  must  maintain  less  differ- 
ence between  the  temperature  of  the  article  and  that  of  its 
environment.  If  the  dangerous  strains  arise  in  heating  the 
article,  it  must  be  heated  more  slowly.  The  heating-chamber 
or  receptacle  must  not  be  too  much  hotter  than  the  article 
placed  therein.  In  extreme  cases,  the  chamber  and  the  article 
must  be  slowly  heated  together,  this  procedure  being  called  for, 
however,  only  in  the  heating  of  bulky  articles  of  very  hard  iron 
or  steel. 

When  dangerous  strains  are  liable  to  arise  from  too  rapid 
cooling,  they  may  sometimes — as  in  the  case  of  a  cast-iron  car- 
wheel — be  relieved  or  reduced  in  intensity  by  a  slower  rate  of 
cooling,  the  red-hot  wheels  being  piled  up  in  tight  soaking-pits 
built  in  the  ground,  and  allowed  to  cool  very  slowly,  consum- 
ing several  days  in  the  operation.  The  lowering  of  the  tem- 
perature of  both  the  thick  and  the  thin  parts  is  maintained  at  a 
rate  sufficiently  uniform  to  insure  their  reaching  ordinary  at- 
mospheric temperatures  at  about  the  same  time;  the  thicker 
parts  do  not  then  continue  their  contraction  after  the  thinner 
ones  have  ceased  theirs,  which  action,  if  it  took  place,  would 
result  in  strains  that  might  easily  be  dangerous  to  the  integrity 
of  the  wheel,  in  view  of  the  almost  total  lack  of  ductility  in  the 
cast-iron  of  which  it  is  made. 

Many  steel  castings  may  not  be  allowed  to  cool  in  the  open, 
or  even  in  the  sand,  without  danger  of  spontaneous  rupture 
from  internal  strains,  but  must  be  placed  while  still  hot  in  a 
heated  receptacle,  usuall}-  a  furnace,  and  allowed  to  cool  with 
the  furnace  at  a  much  slower  rate  than  if  in  the  open  air.  Steel 
wheels,  as  well  as  the  iron  carwheels  mentioned  above,  usually 
require  such  treatment,  though  the  ductility  of  the  softer  grades 
may  admit  of  its  omission.  On  the  other  hand,  the  greater 
coefficient  of  expansion  of  steel  tends  to  set  up  greater  strains 
than  those  of  the  iron  wheels. 
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When,  however,  the  rate  of  cooling  may  not  be  reduced — 
as  in  quenching,  in  the  heat-treatment  of  steel,  where  it  must 
be  rapid  to  give  the  metal  the  properties  desired — strains  may 
be  kept  within  the  danger-point  only  by  having  recourse  to  the 
modifying  conditions  which  are  noted  later,  and  chiefly  those 
relating  to  the  shape  and  bulk  of  the  piece  and  methods  of 
heating  and  cooling. 

In  special  cases — for  example,  in  cutting-tools  of  steel  where 
only  the  cutting-edges  demand  the  rapid  change  of  temperature 
— some  relief,  often  adequate,  is  to  be  aftbrded  by  heating  only 
the  cutting-edges  themselves  to  the  hardening-heat.  Then  the 
remainder  of  the  article  will  not  have  to  undergo  such  a  rapid 
change  of  temperature  as  if  made  as  hot  as  the  hottest  part, 
and  the  resulting  strains  in  the  tool  will  be  much  lessened  and 
perhaps  made  harmless. 

If  a  piece  of  cold  iron  or  steel  of  uniform  temperature,  in 
which  the  strains  are  the  result  of  cooling,  be  cooled  further, 
uniformly  as  to  the  exterior  surface,  the  strains  will  be  tempo- 
rarily reduced  and  maybe  wholly  eliminated  during  the  cooling- 
operation,  only  to  be  restored  much  as  before  when  the  tem- 
perature of  the  piece  has  again  become  uniform.  Such  a  piece 
of  steel  presents  during  the  further  cooling  the  only  exception 
to  the  statement  that  all  pieces  of  cold  iron  and  steel  have  in- 
ternal strains.  A  further  practical  exception  is  found  in  the 
case  of  a  piece  of  cold  iron  or  steel  which  has  been  cooled  from 
a  red  heat,  at  which  it  is  too  soft  to  have  strains,  at  an  exceed- 
ingly slow  rate,  as  in  the  case  of  the  carwheel  mentioned. 
When  the  slow  rate  of  cooling  is  actually  continued  to  atmos- 
pheric temperature  the  article  is  practically  free  from  strain. 

When  a  piece  of  iron  or  steel  containing  intense  strains  is 
heated  in  one  part  gently — it  may  be  to  200°  or  300°  F. — 
the  strains  are  changed  so  that  when  the  piece  is  cold  it  is  not 
of  exactly  the  same  shape  as  before.  It  may  not  he  possible  to 
determine  this  fact  by  measurement,  but  it  may  be  made  ap- 
parent by  the  fit  of  two  such  pieces  together  before  and  after 
one  of  them  has  had  its  strains  changed  by  the  partial  heating. 

Spontaneous  cracks  in  cold  soft  steel  are  still  not  wholly  ex- 
plained. When  such  cracks  occur  in  hard  and  hardened  steels 
or  in  cast-irons,  which  have  practically  no  ductility,  they  are 
easier  to  understand,  though  even  in  such  cases  just  what  was 
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the  "last  straw"  which  caused  the  rupture  is  usually  not  ap- 
parent. This  is  on  the  assumption  that  the  composition  of  the 
steel  is  suitable,  particularly  as  regards  phosphorus  and  oxygen, 
which  must  not  be  present  in  too  great  proportions,  and  fur- 
ther, that  the  steel  was  well  cast  and  rolled  or  forged. 

Whether  or  not  in  the  case  of  the  soft-steel  boiler-plate  it 
was  an  additional  strain  due  to  a  slight  change  in  temperature, 
or  vibration  from  some  outside  cause,  or  that  the  fatigue  of  the 
metal  under  strain  progressed  more  rapidly  than  the  relief  of 
strain  due  to  time  and  the  operation  of  what  might  be  called 
annealing  by  natural  causes,  is  not  clear.  It  is  probably 
directly  due  to  the  last  of  these  possible  causes  following  a 
lessening  of  the  ductility  of  the  metal  through  working  of  the 
piece  at  the  well-known  critical  temperature  termed  the  "blue- 
heat."  Spontaneous  rupture  never  occurs  in  an  old  article  of 
iron  or  steel,  provided,  of  course,  that  no  new  strains  have 
been  set  up  within  it. 

2.  The  shape  of  the  piece  of  metal  affects  strains  very 
greatly  when  it  is  heated  or  cooled.  If  it  be  made  up  of  rela- 
tively thick  and  thin  parts  continuously  connected  to  each 
other,  such  as  the  thin  web  and  thick  hub  and  rim  of  a  car- 
wheel,  on  changing  its  temperature  strains  will  be  set  up  within 
it,  not  only  between  the  interior  and  surface  portions  but  be- 
tween the  thick  and  thin  parts  as  a  whole.  In  the  case  cited 
of  a  cast  carwheel,  these  latter  strains  are  those  which  are 
dangerous,  causing  the  breakage  and  consequent  destruction  of 
the  usefulness  of  the  wheel  if  they  be  allowed  to  develop  to 
their  fullest  extent  by  allowing  the  wheel  to  follow  its  own  rate 
of  cooling  in  the  open.  So,  for  a  given  change  in  temperature, 
the  shape  of  the  piece  is  very  important  in  determining  the  de- 
gree of  strains  it  possesses. 

The  reason  for  strains  due  to  shape  is  that,  when  heated  in 
a  hotter  environment  or  cooled  in  the  open  or  in  a  cooler  me- 
dium, the  thinner  parts  reach  the  surrounding  temperature 
sooner  than  the  thicker  parts,  and  consequently  do  their  ex- 
panding or  contracting  so  much  the  sooner,  and  strains  result 
from  the  slower  and  later  expansion  or  contraction  of  the 
thicker  parts. 

Large  plane  surfaces  tend  to  intensify  strains  due  to  change 
of  temperature  of  a  piece  of  iron  or  steel  either  from  heating, 
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cooling  from  a  high  or  casting  temperature,  or  qaenching.  The 
reason  is  obvious.  The  plane  surface,  cooling  or  heating  more 
quickly  at  its  edges  than  elsewhere,  cannot  yield  to  internal 
tension-  or  compression-stresses  by  change  of  shape,  as  such 
stresses  act  in  straight  lines  within  the  piece.  Relief  may 
sometimes  be  afforded  by  curving  or  corrugating  the  surface, 
as  in  a  casting;  but  a  flat  sheet  like  a  saw-blade  may  not  admit 
of  this,  and  then  means  must  be  employed  to  conduct  the  op- 
eration of  hardening  the  teeth,  when  the  strains  are  set  up,  so 
that  they  will  not  crack  the  saw.  In  the  case  of  a  large  circu- 
lar saw-blade,  partial  heating,  as  described  above,  is  used,  and 
is  effected  by  protecting  the  central  portion  of  the  sheet  with 
thicker  iron  plates  during  the  heating  and  cooling  operations. 
The  protected  portion  is  not  hardened,  and  has  therefore  a 
lower  elastic  limit  and  higher  ductility  than  the  hardened  rim, 
and  will  thus  yield  a  little  without  breaking. 

3.  The  bulk  of  the  piece  of  metal  has  great  influence  on  its 
strains  when  its  temperature  is  changed  because  of  the  distance 
which  heat  must  be  conducted  between  the  surface  and  interior 
parts.  When  the  bulk  and  therefore  this  distance  is  relatively 
great,  the  strains  are  great  in  proportion,  and  when  the  bulk 
is  small  they  are  less. 

High  conductivity  of  heat  tends  to  offset  great  bulk  in  the 
strains  resulting  from  a  change  in  temperature. 

With  a  piece  of  metal  of  a  given  contour  the  strains  from 
either  cause  may  be  much  reduced  by  reducing  the  bulk  by 
means  of  recesses  or  slots  or  other  holes  properly  made  in  the 
piece.  The  quenching  operation  in  particular  then  causes 
much  less  strain. 

In  the  case  of  a  large  tap  this  principle  is  applied  by  drilling 
a  hole  along  its  axis,  which  has  a  double  effect.  First,  it  allows 
the  cooling  fluid  to  cool  the  interior  nearly  as  quickly  as  the 
exterior  as  a  whole,  and  secondly,  it  reduces  the  actual  thick- 
ness of  the  metal  to  a  fraction,  perhaps  a  third,  of  what  it 
would  be  otherwise,  and  in  that  way  reduces  the  strains  due  to 
bulk. 

There  are  many  ways  in  which  the  use  of  holes  and  recesses 
within  the  contour  of  the  article  may  so  reduce  the  bulk  that 
without  detriment  to  its  use  the  thickness  may  be  brought 
within  safe  limits  to  admit  of  it  being  cooled  from  a  high  heat 
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in  a  cooling-bath  without  being  in  danger  of  cracking  from  the 
internal  strains  set  up. 

Solid  steel  armor-plates  are  sometimes  cracked  internally  by 
the  cooling-strains  arising  from  the  quenching  operation, 
though  the  steel  is  rather  soft,  with  carbon  from  0.20  to  0.25 
per  cent.,  except  the  hard  face. 

This  may  be  due  to  either  or  both  of  two  causes.  (1)  When 
the  mass  of  the  armor-plate  or  other  piece  of  iron  or  steel  is  so 
great  that  the  final  contraction  of  the  interior  portions  when 
cooled  may  not  be  compensated  for  by  a  reduction  of  cross-sec- 
tion of  the  metal  (such  as  occurs  when  a  test-piece  of  ductile 
metal  is  pulled  apart  in  the  testing-machine),  then  internal 
cracks  may  occur  from  the  metal  being  overstrained,  regard- 
less of  the  ductility  of  the  metal.  (2)  The  ductility  of  the  soft 
steel  of  the  body  of  the  plate  is  impaired  by  the  long-continued 
heating  without  work  during  the  carbonization  by  the  cement- 
ation-process of  the  face,  which  is  to  be  hard,  and  for  that 
reason  will  not  endure  internal  strains  as  well  as  its  composi- 
tion would  indicate.  Holes  or  recesses  not  being  admissible, 
though  they  have  been  recommended  by  some,  reforging  or 
annealing  to  break  up  the  coarse  crystalline  structure  existing 
in  the  plate  is  resorted  to,  after  cementation,  in  an  efl:brt  to 
avoid  this  defect.  Nevertheless,  the  results  are  not  always  as 
desired. 

It  does  seem,  however,  that  careful  experiment  should  de- 
velop a  method  for  making  a  large  soft-steel  ingot,  with  a  high- 
carbon  steel  layer  on  one  side,  which  could  be  forged  into  an 
armor-plate,  thus  avoiding  the  expensive  and  harmful  cement- 
ation-process. 

"When  an  article  of  iron  or  steel  is  liable  to  crack  in  service 
from  strains,  the  danger  is  sometimes  best  avoided  by  making 
it  in  two  or  more  pieces.  This  practically  amounts  to  putting 
cracks  in  the  thing,  but  often  they  may  be  located  so  as  to 
cause  no  trouble.  The  following  example  will  illustrate :  A 
cast-iron  bottom-plate,  on  the  center  of  which  was  cast  a  large 
ingot  of  steel,  was  broken  the  first  time  used,  by  the  expansion 
of  the  central  part  heated  by  the  molten  steel.  On  making  a 
plate  for  the  purpose,  of  four  pieces  bolted  together,  no  further 
trouble  from  this  cause  resulted. 

4.  The  elastic  limit  of  the  metal  aftects  the  intensity  of  the 
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strains,  because  when  it  is  low  it  may  allow  the  metal  to  yield 
under  the  stresses  which  cause  strains  so  as  to  relieve  them  in 
part. 

5.  Ductility  of  iron  or  steel  sometimes  allows  it  to  yield 
without  fracture  under  stresses  of  sufficient  magnitude,  so  that 
the  strains  are  in  some  degree  lessened.  A  highly  ductile 
metal  rarely  or  never  breaks  from  internal  strains  unless  ex- 
tremely massive. 

A  metal  supposed  to  have  great  ductility  may  actually  have 
very  little,  due  perhaps  to  ill-treatment.  The  boiler-plate  men- 
tioned had  probably  been  damaged  by  working  at  the  black  or 
blue  heat,  so  that  its  ductility  was  impaired,  and  the  strains 
arising  from  irregular  heating  and  cooling  were  more  than  the 
remaining  ductility  could  allow  for,  and  rupture  ensued.  The 
armor-plates  cited  also  had  their  ductility  much  reduced  by  the 
lono;  heatino;  durina;  cementation. 

O  O  O 

When,  as  in  cast-iron  and  hardened  high-carbon  steel,  there 
is  no  ductility,  and  the  elastic  limit  coincides  with  the  ultimate 
strength,  the  strains  set  up  in  cooling  cannot  be  relieved,  and 
may  easily  reach  an  intensity  which  will  cause  the  piece  to 
crack  or  break. 

6.  The  coefficient  of  expansion,  strictly  speaking,  wholly  de- 
termines the  intensity  of  the  strains  arising  from  irregular  rates 
of  change  of  temperature  in  metals,  for  if  it  became  zero  such 
strains  would  not  occur.  The  greater  the  rate  of  expansion  the 
more  intense  become  the  strains  arising  from  a  given  rate  of 
change  in  temperature. 

Heating  a  piece  of  iron  or  steel  to  any  degree  below  the 
temperature  at  which  it  softens,  will  increase  the  strains  within 
it  in  proportion  to  the  rate  of  heating.  Therefore,  heating  to 
relieve  dangerous  strain,  which  is  often  resorted  to,  must  be 
very  slowly  done,  so  that  the  interior  is  heated  nearly  as  fast  as 
the  exterior,  or  the  extra  strain  due  to  the  more  rapid  expan- 
sion of  the  exterior  parts  may  cause  the  rupture  it  is  the  pur- 
pose of  the  heating  to  avoid. 

By  such  slow  heating  something  like  the  seasoning  effect  of 
time  and  slightly  higher  than  atmospheric  temperature  is  given 
to  the  piece.  This  effect  may  be  used  on  large,  massive,  heat- 
treated  articles  of  high-carbon  steel,  such  as  heavy  cutters  and 
projectiles  and  heavy  articles  of  toughened  manganese  steel, 
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all  of  wliicli  are  in  a  high  state  of  strain,  due  to  immersion  at 
high  temperature  in  a  cooling-bath. 

The  increase  of  strain  clue  to  even  slow  and  moderate  heat- 
ing, as,  for  instance,  to  the  temperature  of  boiling  water,  may 
be  used  for  testing  hard  heat-treated  objects,  such  as  armor- 
piercing  projectiles,  to  determine  whether  or  not  they  are  in  a 
dangerous  condition,  or  rather  to  separate  those  in  danger  of 
spontaneous  rupture  from  those  which  are  not.  Without  some 
means  for  discriminating  between  them,  some  of  them  may 
lose  their  points  by  spontaneous  rupture  months  after  they  are 
made  and  have  traveled  far. 

If  the  article  is,  because  of  internal  strain,  close  to  or  at  the 
danger-point,  the  extra  strain  will  cause  it  to  crack  or  break, 
while,  if  it  does  not  break  from  such  heating,  it  will  have  when 
again  cold  a  margin  of  safety  represented  by  the  additional 
strain  caused  by  the  gentle  heating.  Moreover,  it  has  had  its 
strains  somewhat  reduced  thereby,  and  is  therefore  not  likely 
afterward  to  break  spontaneously. 

When  a  cold  massive  piece  of  steel,  as  an  ingot,  is  to  be 
heated  in  a  furnace,  it  is  a  matter  of  importance  to  know 
whether  its  previous  cooling  was  rapid  or  slow.  If  rapid,  it 
may  contain  so  much  strain  as  to  be  ruptured  internally  by  the 
heating  operation,  while  if  it  has  been  slowly  cooled  it  may, 
because  of  smaller  internal  strains,  endure  that  operation 
safely.  To  reduce  strains  in  massive  or  hard  steel  ingots  which 
are  to  be  cooled  to  the  atmospheric  temperature,  the  rate  of 
cooling  should  be  retarded. 

III.  Internal  Strains  Caused  by  Cold-Working. 

The  strains  due  to  cold-working  iron  or  steel  are  the  result 
of  molecular  displacement  and  very  likely  of  mere  changes  in 
the  inter-molecular  spaces,  but  the  theory  of  the  matter  we  may 
for  the  present  leave  out  of  consideration. 

The  phenomena  occurring  with  these  strains  include  higher 
tensile  strength,  higher  elastic  limit,  greater  hardness,  less  duc- 
tility and  lower  specific  gravity.  Perhaps  it  is  not  claiming 
too  much  to  say  that  these  modified  properties  are  the  direct 
result  of  the  strains,  as  if  the  strains  be  destroyed  by  heating 
to  redness  all  these  modifications  disappear  with  them,  and  the 
properties  of  the  metal  are  substantially  those  it  possessed  be- 
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fore  the  cold-working  operation  was  performed  upon  it.  For  the 
purposes  of  this  paper,  therefore,  these  modified  properties  may 
be  considered  as  the  result  of  the  strains. 

Strains  are  an  unavoidable  accompaniment  of  cold-working 
iron  and  steel.  Those  due  to  cold-rolling  or  wire-drawing  pur- 
posely applied  have  often  useful  effects  when  properly  taken 
advantage  of,  while  harmful  or  undesirable  effects  may  be 
avoided  by  reducing  them  by  annealing  or  other  proper  heat- 
treatment.  When  the  pieces  of  metal  so  cold-worked  are 
not  large  and  the  ductility  is  considerable  there  is  no  danger  of 
spontaneous  rupture.  The  cold-working  may,  indeed,  be  con- 
tinued so  as  to  cause  dangerous  strains  if  they  be  not  relieved 
by  heating.  The  service  of  larger  pieces  may  be  such  that 
they  are  subjected  to  cold-working,  as  in  the  case  of  a  die-ring 
for  a  centrifugal  ore-grinding  machine,  which  will  cause  flow 
of  the  metal  with  resulting  strains,  and  may  distort  the  piece 
or  even  tear  it  apart  or  break  it. 

Something  like  spontaneous  rupture  is  met  with  in  cold-rolled 
or  cold-drawn  shafting  when  the  cold-working  of  the  surface 
portions  has  so  extended  them  that  the  interior  is  strained  be- 
yond its  strength  and  thereby  ruptured  at  intervals  across  the 
shaft.  In  that  case,  when  the  outer  portions  are  turned  oft' 
the  bar  may  drop  apart. 

The  beneficial  effects  of  strains  due  to  cold-working  come 
from  the  higher  tensile  strength  and  elastic  limit  of  the  metal. 

Drawn  or  cold-rolled  shafting  is  much  stronger  per  unit  of 
cross-section  than  before  the  cold-working,  and  wire  may  be 
made  whose  ultimate  strength  is  increased  several  times  by  the 
strains  set  up  in  the  drawing  operation.  Wire-drawing  strains 
give  to  some  varieties  of  spring  wire  the  greater  part  of  their 
springiness. 

The  increased  strength  of  iron  and  steel  wire  due  to  the 
strains  of  cold-working  is  made  useful  in  many  ways.  In  the 
wire  cables  of  suspension-bridges  it  is  relied  upon  and  figured 
in  as  part  of  the  tensile  strength  of  the  wire. 

In  wire  for  piano-strings  and  for  deep  sea-sounding,  tensile 
strengths  of  over  400,000  lb.  per  sq.  in.  have  been  attained,  the 
greater  part  of  which  is  due  to  the  internal  strains  set  up  in  the 
wire-drawing  process. 

The  effect  of  time  in  seasoning  or  annealing  cold-worked 
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iron  or  steel,  such  as  wire,  is  probably  not  known,  but  is  very 
likely  an  appreciable  amount,  which,  in  the  case  of  bridge-wire, 
for  example,  may  reach  important  proportions  with  the  lapse 
of  decades. 

Strains  in  cold-worked  iron  or  steel  may  be  detrimental  in  a 
way.  A  piece  of  straight  cold-drawn  shafting  if  machined,  as, 
for  instance,  in  key-seating  or  in  turning,  is  very  liable  to  be  not 
straight  after  the  machining,  as  cutting  away  a  part  of  the 
strained  metal  removes  part  of  the  stresses,  and  those  remain- 
ing cause  the  resultant  effect  to  be  different  from  what  it  was, 
and  the  new  adjustment  necessary  is  found  in  a  new  shape  of 
the  piece.     In  other  words,  the  shaft  will  not  be  straight. 

The  modification  and  removal  of  strains  due  to  cold-work- 
ing by  heating  for  long  or  short  periods  of  time,  one  or  more 
times,  to  temperatures  below  redness,  require  investigation. 
By  these  temperatures  is  meant  those  all  the  way  down  to  at- 
mospheric, and  especially  those  from  212°  to  408°  F.,  the  latter 
being  the  temperature  at  which  a  faint  straw  color  is  given  to 
steel  of  a  certain  composition.  Removal  of  dangerous  strains 
by  subjection  to  heat  not  great  enough  to  discolor  the  surface 
of  the  metal  would  be  a  good  thing  in  many  ways,  if  feasible. 
A  cold-worked  piece  of  shafting,  which  will  break  off  in  the 
lathe  when  the  outer  skin  is  removed,  might  perhaps  be  prac- 
tically cured  by  such  heating  between  the  rolling-  or  drawing- 
operations. 

In  the  specifications  for  wire  for  a  great  suspension-bridge, 

the  wire  as  drawn  must  have  a  tensile  strength  of  215,000  lb. 

per  sq.  in.,  and  after  galvanizing  must  have  a  tensile  strength 

of  200,000  lb.  per  sq.  in.     This  decrease  of  15,000  lb.  per  sq. 

in.  is  the  loss  of  strength  due  to  removal  of  strains  by  heating 

the  wire  for  a  brief  period  to  the  galvanizing  temperature, 

about  800°  F.     If  the  heating  even  at  that  temperature  were 

long  continued,  a  much  larger  loss  of  tensile  strength  would  no 

doubt  result. 

IV.  Conclusions. 

The  seasoning  effect  on  iron  and  steel  of  time,  referred  to  in 
the  foregoing,  while  generally  admitted  to  exist,  is  but  little 
known,  and  scarcely  anything  has  been  recorded,  if  indeed 
done,  toward  the  elucidation  and  enunciation  of  the  laws 
which  govern  it. 
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It  is  held  to  be  a  fact  that  old  iron  and  steel  articles,  years 
old,  never  have  excessive  strain  and  never  fail  through  spon- 
taneous rupture.  It  may,  of  course,  be  argued  that  they  do 
not  fail  that  way  when  old  because  if  they  contained  enough 
strain  to  break  spontaneously,  they  would  have  so  broken  when 
comparatively  new;  or,  further,  that  if  dangerously  strained 
the  fatigue  of  the  metal  would,  in  a  comparatively  short  time, 
allow  it  to  break  without  any  diminution  of  the  strain.  These 
arguments  may  be  reasonable,  but  many  believe,  nevertheless, 
that  there  is  a  reduction  of  strain  in  iron  and  steel  by  the 
seasoning  effect  of  time. 

Old  cast-iron  cannon  which  had  given  the  normal  amount  of 
service  were  said  to  have  had  their  strength  restored  by  years 
of  rest.  The  strains  in  such  cannon  were,  it  is  true,  the  result 
of  service-stresses,  but  such  strains  in  this  case  are  analogous 
to  those  produced  by  cold-working,  and  especially  as  far  as 
they  are  affected  by  annealing  by  time.  In  the  case  of  an  arti- 
cle of  hardened  steel,  seasoning  or  annealing  by  time  is  held 
to  relieve  strains,  with  the  result  that  the  piece  is  freed  from 
danger  of  spontaneous  fracture  or  change  of  shape  after  being 
finished,  while  if  unhardened  its  strength  and  ductility  are  in- 
creased by  such  seasoning.  In  cold-worked  steel  the  strength 
will  probably  decrease  in  time,  as  will  the  elastic  limit,  while 
the  ductility  will  increase. 

It  is  probable  that  such  efiect  as  is  produced  by  time  upon 
a  piece  of  iron  or  steel  is  chiefly  the  result  of  alternate  heating 
and  cooling  within  the  limits  of  the  daily  range  of  temperature, 
but  there  is  evidence  indicating  at  least  that  seasoning  is  eiFected 
by  time  alone,  whether  or  not  the  temperature  of  the  piece  is 
subject  to  change. 

It  is  not  hard  to  conceive  of  the  molecular  change  or  re- 
arrangement necessary  to  the  removal  of  strains  at  ordinary 
temperatures  if  it  be  admitted  that  all  molecules  of  matter  are 
in  a  state  of  vibration  by  heat  at  any  temperature  above  abso- 
lute zero  or  -273°  C.  The  molecules  naturally  would  (it 
seems  evident)  shake  themselves  into  more  regular  formations, 
which  would  relieve  each  one  from  crowding  or  being  crowded 
by  its  neighbors,  or  the  molecules  would,  by  such  forma- 
tion, allow  the  parts  in  tension  to  lengthen  and  those  in  com- 
pression to  shorten  the  slight  amount  needed  to  relieve  the 
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strains  in  part,  at  least — that  is,  when  the  intensity  of  the  strains 
is  great.  ^Yith  less  intensity  the  relief  of  strain  from  such  ac- 
tion would  manifestly  be  lessened,  and  it  is  hardly  supposable 
that  all  strain  would  be  eliminated  by  seasoning  to  any  finite 
extent.  Either  or  both  of  these  molecular  adjustments  would 
result  in  diminished  tension  and  compression,  and  therefore  of 
strain  in  the  piece. 

At  high  temperatures  this  shaking  of  molecules  into  regular 
formations  results,  in  time,  in  coarse  crystallization,  a  further 
step  which  has  results  of  its  own  in  reducing  strength  and  duc- 
tility. 

Consideration  of  this  question  of  seasoning  by  time  brings 
up  the  very  interesting  one  previously  alluded  to,  concerning 
which  we  are  as  much  or  more  in  the  dark,  which  is  that  of 
annealing  iron  and  steel  at  low  temperatures — that  is,  in  the  first 
phase,  at  not  higher  than  212°  F. ;  in  the  second  phase,  between 
212°  and  the  lowest  temperature  at  which  steel  wull  be  given 
the  faintest  straw  color,  about  408° ;  and  in  the  third,  at  tem- 
peratures between  this  and  red  heat.  The  temperatures  giving 
steel  the  tempering  colors,  straw,  yellow,  blue,  etc.,  vary  for 
dift'erent  grades  of  steel,  and  therefore  cannot  be  stated  exactly 
for  steels  as  a  whole.  There  is  much  to  be  learned  in  these 
fields,  and  the  second  of  the  three  mentioned  seems  especially 
to  hold  out  hope  of  practical  benefit  to  mankind  from  applica- 
tions of  its  laws.  We  need  to  know  the  eifect  on  each  kind  of 
steel  object,  in  every  condition  of  size,  shape,  composition  and 
treatment,  of  time,  temperature  and  fluctuations  of  tempera- 
ture within  the  limits  named. 

The  amount  of  experiment  to  determine  all  these  points  in 
all  degrees  will  be  very  large,  but  in  the  interest  of  pure  as 
well  as  applied  science  it  should  be  undertaken. 

Annealing  by  time  may  be  expected  to  act  in  a  ditFerent 
way  on  cold-worked  steel,  in  which  the  strains  may  be  the 
result  of  disturbed  molecular  arrangements,  from  that  on 
hardened  steel,  in  which  the  strains  result  in  great  part,  if  in- 
directly, from  the  chemical  constitution  of  the  steel. 

Perhaps  it  can  be  determined  just  how  much  of  the  hard- 
ness of  hardened  steel  is  due  to  chemical  change  and  how  much 
to  strain.  If  there  is  no  chemical  change  in  heating  hardened 
high-carbon  steel  to  temperatures  not  higher  than  the  blue 
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color,  or  even  higher,  say  to  800°  F.,  then  it  would  appear 
that  any  hardening  or  increase  of  tensile  strength  or  decrease 
of  ductility  which  is  removed  by  heating,  short  or  continued, 
to  temperatures  not  above  the  blue,  or  the  higher  degree  men- 
tioned, is  due  to  the  strains  in  the  piece.  The  properties  due 
to  chemical  constitution  will  then  be  permanent  in  the  absence 
of  high  heat,  while  those  due  to  strain  may  fade  in  time.  In- 
ternal strains  when  in  moderate  degree  may  either  increase 
or  decrease  the  tensile  strength  of  steel,  as  shown  by  many 
tests  of  steel  in  which  annealed  bars  sometimes  show  higher, 
but  usually  lower,  tensile  strength  than  the  unannealed. 

That  strains  in  hardened  steel  are  of  a  quite  different  nature 
from  those  in  cold-worked  steel,  may  be  shown  by  the  attrac- 
tion of  a  magnet.  A  piece  of  hardened  steel  with  and  without 
intense  strains  acts  very  differently  from  a  piece  of  wire-drawn 
steel  with  and  without  strains  when  its  attraction  for  or  by  a 
magnet  is  measured. 

A  tile  in  a  hardened  condition,  which  gave  a  pull  of  12  oz. 
with  a  common  horse-shoe  magnet,  gave,  after  being  heated  to 
the  blue  heat,  a  pull  of  27  oz.,  and  after  being  heated  red  hot 
and  slowly  cooled,  31  oz.  The  magnet  gave  on  its  keeper  a 
net  pull  of  43  oz. 

Tenpenny  wire  nails  gave  with  the  same  magnet  an  average 
pull  of  27  oz.,  while  similar  nails,  heated  to  redness  and  slowly 
cooled,  gave  an  average  pull  of  24  oz.  In  the  nails  the  strains 
seemed  to  have  no  eiiect  in  reducing  the  amount  of  the  pull, 
but,  if  anything,  to  increase  it.  Still,  the  determination  was 
made  by  crude  means,  and  cannot  be  accepted  as  doing  more 
than  indicating  the  effect  of  the  cold-working  on  this  prop- 
erty. The  apparatus  consisted  of  a  small  spring-balance,  the 
magnet  and  the  pieces  under  examination. 

In  the  case  of  the  file  the  question  is  more  complex.  If  the 
carbon  is  not  changed  in  chemical  condition  by  heating  to  the 
blue  heat,  as  has  been  maintained,  then  the  great  increase  in  the 
susceptibility  to  attraction  by  a  magnet  must  apparently  be  laid 
to  the  elimination  of  strains.  If  not,  then  to  an  allotropic  modi- 
fication of  the  iron  itself. 

Beyond  the  scope  of  this  paper  is  the  consideration  of  the 
chemical  and  physical  results  of  rapid  change  of  temperature, 
as  in  the  hardening  operation,  when  they  both  affect  the  strains. 


o88  HEAT-TREATMENT    OF    STEEL. 

There  is  so  much  to  be  clone  experimentally  in  that  field  that 
in  the  absence  of  the  experimental  data  too  much  must  be  left 
to  speculation  at  this  time  to  make  it  worth  while.  Ko  solu- 
tion of  the  problems  presented  by  the  phenomena  of  the  hard- 
ening and  tempering  of  steel,  however,  will  be  complete  which 
does  not  deal  with  the  strains  arising,  their  causes,  results,  and 
proper  treatment. 

ISTeither  is  the  mathematical  treatment  of  the  matter  of 
strains  here  considered,  requiring  as  it  does  examination  of 
intricate  problems  involving  variations  in  temperature,  coeffi- 
cients of  expansion,  moduli  of  elasticity  in  tension  and  com- 
pression and  at  different  temperatures,  physical  properties, 
varying  kinds  and  intensity  of  strain  in  the  dilFerent  parts  of 
the  piece,  and  perhaps  other  important  factors.  Other  investi- 
gators, better  able  to  cope  therewith,  may  find  the  matter  at- 
tractive. This  feature  of  the  case  must  be  dealt  with,  however, 
or  the  guns  will  still  burst. 


Heat-Treatment  of  Steels  Containing  Fifty  Hundredths  and 
Eighty  Hundredths  Per  Cent,  of  Carbon. 

BY   C.    E.    CORSON,    LATROBE,    PA.* 
(London  Meeting,  July,  1906.) 

I.  Introduction. 

The  experiments  of  which  the  results  and  significance  are 
set  forth  in  this  paper  do  not  by  any  means  cover  the  whole 
subject  of  the  heat-treatment  of  the  material  referred  to,  yet 
they  constitute  a  contribution  to  that  general  subject,  rather 
than  to  the  special  department  of  annealing. 

The  material  here  considered  is  acid  open-hearth  steel,  con- 
taining from  0.50  to  0.80  per  cent,  af  carbon,  with  a  nearly  uni- 
form percentage  of  other  elements.  This  class  of  steel  is  rap- 
idly increasing  in  commercial  importance.  It  is  even  rumored 
that  the  rail-specifications  of  some  railroads  will  hereafter  re- 
quire open-hearth  steel.     Yet  this  particular  grade  seems  to 
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have  received  less  study  and  description  from  the  standpoint  of 
the  metallographist  than  many  others. 

The  investigation  here  described  was  directed  to  the  follow- 
ing points  : 

Steel  coiitainiug  about  0.50  j^er  cent,  of  carbon  :  1.  The  struc- 
ture as  related  to  the  temperature,  at  the  same  rate  of  cool- 
ing; 2.  The  structure  and  physical  properties  as  related  to 
temperature  at  different  rates  of  cooling;  3.  The  structure  and 
physical  properties  as  related  to  different  finishing-temperatures 
and  different  rates  of  cooling ;  4.  The  bearing  of  these  ob- 
servations upon  the  statement  of  Prof.  Albert  Sauveur.' 

Steel  containinfi  about  0.75  fer  cent,  of  carbon  :  1.  Physical 
properties,  as  related  to  temperature  at  different  rates  of  cool- 
ing; 2.  Physical  properties,  as  related  to  different  finishing- 
temperatures  and  different  rates  of  cooling;  3.  The  bearing 
of  these  observations  upon  the  statements  of  Prof.  H.  M. 
Howe." 

The  micrographs  here  given  as  illustrations  are  magnified  to 
60  diameters.  The  etching-solution  was  one  of  10  per  cent, 
nitric  acid  in  absolute  alcohol ;  Seed's  "  process  plates  "  were 
used  in  photographing  the  structure  ;  and  the  prints  were  made 
on  glossy  "  Argo  "  paper. 

'  "  Hot  work,  as  such,  has  no  influence  upon  the  structure  of  tlie  metal.  Indi- 
rectly, however,  by  retarding  crystallization  until  a  lower  temperature  is  reached, 
it  may  influence  its  structure  most  decidedly  ;  but  the  same  results  could  be  ac- 
complished by  heat-treatment  alone,  i.e. ,  by  re-heating  the  unworked  metal  to  the 
temperature  fmni  which  the  unworked  piece  was  allowed  to  cool  undisturbedly." 
The.  Metallogrciphist,  vol.  ii.,  p.267  (under  the  head  of  "Changes  of  Structure 
Brought  About  by  Work"). 

-  "The  tensile  strength  at  first  increases  witli  the  intensity  of  hardening, 
but  reaches  a  naxinuini  and  then  declines.  In  case  of  high-carbon  steel  a 
moderate  rapidity  of  cooling  may  give  ihe  highest  tensile  strengtli."  Iron,  Steel 
(Did  Other  Alloys,  p.  221.  On  p.  268  of  the  same  treatise,  the  following  figures  are 
given,  among  others  : 

Steel  No.  193  :  C,  0.70  ;  Si,  0.141  ;   Mn,  0.068  ;  P,  0.012  ;  S,  0.019. 


Slowlv  Cooled 
After  Heal- 
ing to 
Deg.  C. 

Tensile 

.Strength. 

Lb.  Per 

S(i.  In. 

Elastic 
Limit. 
Lb.  Per 
Sq.  In. 

Llong.  on 
8-In. 
Per 
Cent. 

Rednction 
of  Area. 

Per 
Cent. 

750 

82,660 

40,062 

12.00 

25.42 

1,100 

92,342 

59,363 

13.12 

20.35 

1,300 

48,921 

29,247 

1.12 

17.22 

1,400 

41,327 

33,082 

1.25 

15.10 

Evidently,  after  passing  1,100°,  the  maximum  had  been  reached. 
The  temperatures  were  determined  by  a  Le  Chatelier  pyrometer. 
VOL.  XXXVIL — 25 
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It  should  be  understood  that  the  micrographs  represent  the 
results  of  treating  bars  of  forged  steel — in  other  words,  that 
they  do  not  show  the  etlects  of  forging. 

II.  Acid  Open-Hearth  Steel  Containing  About  0.50  Per 
Cent,  of  Carbon. 

1.  Structure  as  Rdated  to  Temperature  at  the  Same  Bate  of 

Coolivg. 

The  composition  of  the  steel  was :  C,  0.55;  P,  0.045;  Mn, 
0.66;  Si,  0.25;  and  S,  0.032  per  cent.  The  steel  was  heated 
in  a  gas-furnace  to  various  temperatures,  and  immediately 
cooled  in  the  air,  without  being  held  at  the  temperature 
reached.     The  Ac  of  this  steel  was  proved  to  be  at  710°  C. 

Fig.  1  shows  the  structure  of  the  original  forged  bar,  and  the 
succeeding  figures  its  structure  after  heating  to  the  tempera- 
tures stated  and  cooling  in  air,  as  follows:  Fig.  2,  to  925°  C. ; 
Fig.  3,  to  650°  C. ;  Fig.  4,  to  720°  C. ;  Fig.  5,  to  750°  C. ; 
Fig.  6,  to  800°  C. ;  Fig.  7,  to  850°  C. ;  Fig.  8,  to  900°  C,  then 
cooled  to  550°  C,  re-heated  to  720°  C,  and  then  cooled  in  air, 
as  before.  The  structure  shown  in  Fig.  2  may  serve  as  a 
standard,  by  which  the  effects  produced  by  various  heat-treat- 
ments can  be  judged. 

In  these  micrographs,  the  black  areas  are  pearlite,  Fe.,C-f-Fe 
(in  the  air-cooled  specimens,  sorbitic  pearlite),  while  the  white 
net-work  is  ferrite. 

The  chief  point  brought  out  by  a  study  of  this  series  is  that, 
until  the  heating  has  been  carried  past  the  critical  point,  there 
is  no  change  in  structure ;  the  previous  crystallization  has  not 
been  broken  up.  But  as  soon  as  this  point  has  been  passed  in 
the  heating-process  a  great  change  takes  place,  and  there  is  a 
new  state  of  crystallization.  After  passing  through  Ac,  the 
steel  has  become  a  solid  solution,  and  when  the  cooling-period 
begins,  this  point  governs  the  size  of  the  crystals ;  the  higher 
above  the  point  Ac,  the  coarser  will  be  the  structure.  In  this 
experiment,  bars  9  in.  long  by  1.25  in.  square  were  used,  and 
the  rate  of  cooling  was  therefore  relatively  rapid.  Consequently, 
the  specimens  heated  to  the  various  temperatures  do  not  show 
marked  difierences,  because  the  rapidity  in  cooling  tends  to 
destroy  the  effect  of  heating  to  a  high  temperature. 

Fig.  8  shows  that  it  is  onl}'  necessary  to  let  steel  cool  just 
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Fig.  1. 
Structure  of  original  forged  bar. 


'»:)*""'    '"'rt^ 


Fig.  2. 
Bar  heated  to  925°  C 


Fig.  3. 
Bar  heated  to  650°  C. 


Fk;.  4. 
Bar  heated  to  720°  C 
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P'lG.  ■). 
Bar  heated  to  750°  C. 


P^JG.  6. 
Hill-  lieated  to  800°  C. 


Fig.  7. 
Bar  heated  to  850°  C. 


Fig.  8. 
Bar  lieated  to  000°  C.  and  cooled  to  5^0° 
C,   then   re-heated   to  720°   C.  and 
cooled  in  air. 


I 
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Fig.  9. 
Structure  of  original  forged  bar. 


Fui.  10. 
Bar  heated  to  800°  C. ;  a'r-cooled. 


Fig.  11. 
Bar  heated  to  440°  C. ;  air-coolel. 


Fig.  1-i. 
Bar  heateil  to  660°  C. ;  air-cooled. 
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Fig.  13. 
Bar  heated  to  710°  C. ;  air-cooled. 


Fig.  14. 
Bar  heated  to  710°  C. ;  cooled  in  a.shes. 


Fig.  15. 
Bar  heated  to  710°  C. ;  cooled  in  lime. 


Fjg.  16. 
Bar  heated  to  780°  C. ;  air-cooled. 
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Fig.  17. 
Bar  heated  to  780°  C. ;  cooled  in  ashes. 


Fig.  is. 
Bar  lieated  to  780°  C;  cooled  in  lime. 


Fig.  19. 
Bar  heated  to  900°  C. ;  air-cooled. 


Fig.  20. 
Bar  heated  to  900°  C. ;  cooled  in  ashes. 
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Fig.  21. 
Bar  heated  to  900°  C;  cooled  in  lime. 


Bar  hammered  for  1  mill,  to  dull  yellow 
color  ;  cooled  in  air. 


Fjci.  23. 
Bar  hammered  for  1  min.  to  dull  yellow- 
color;  cooled  in  lime. 


Jmg.  24. 

Bar  hammered  for  2  min.  to  cherry-red 

color;  air-cooled. 
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KiG.  -JS. 

]>ar  liammered  for  2  miii.  to  cherry-red 

color  ;  cooled  in  lime. 


Fig.  26. 

Bar  hammered  for  3  min.  to  red  color 

air-cooled. 


Fig.  27. 
Bar  hammered  for  3  min.  to  red  color 
cooled  in  lime. 


Fig.  2s. 

Bar  hammered  for  4  min.  to  a  dark  red 

color  ;  air-cooled. 
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Fig.  29. 

Bar  hammered  for  4  min.  to  a  dark  red 

color  ;  cooled  in  lime. 


Fig.  30. 
I'ar  hammered  for  about  2  min.  to  a 
cherry-red  (center  of  bar). 


Fig.  31. 
Bar    hammered    for   about    2    min.    to    a 
cherry-red,  cooled,  and  re-heated   to 
match  No.   30  as  it  left  the  hammer 
(center  of  bar). 
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below  Ar  in  order  that  re-heating  may  produce  the  same  results 
as  if  the  steel  had  been  allowed  to  cool  to  the  temperature  of 
the  air  before  re-heating. 

2.  Structure  and  Physical  Tests  as  Related  to  Temperature  at 
Different  Rates  of  Cooling. 

The  composition  of  this  steel  was:  C,  0.50;  P,  0.042;  Mn, 
0.65;  Si,  0.24;  S,  0.029  per  cent.;  and  the  critical  point  Ac 
was  710°  C. 

Figures  9  to  21,  inclusive,  show  the  structure  of  this  steel. 
Figures  13  to  21,  in  three  groups,  show  the  effect  of  the  differ- 
ent rates  of  cooling  on  the  constituents  of  the  steel.  The  air- 
cooled  specimens  exhibit  a  relatively  finer  structure  than  those 
cooled  more  slowly.  The  ferrite  net-work  is  less  defined 
because  it  has  been  absorbed  by  the  pearlite,  in  the  form  of 
sorbite. 

As  the  rate  of  cooling  is  increased  by  the  use  of  ashes  or 
lime  as  a  medium,  the  ferrite  separates  out  more  completely, 
and  has  a  well-defined  net-work,  as  the  pearlite  becomes  more 
a  lamellar  combination  of  Fe^C  +  Fe. 

As  to  the  physical  properties,  exhibited  in  Table  I.,  it  will  be 
noticed  that,  so  long  as  the  heating  has  not  been  carried  beyond 
the  critical  point,  there  is  no  marked  change  in  tensile  strength. 
Beginning  with  Fig.  13,  the  groups  show  an  interesting  result 
as  regards  tensile  strength  and  percentage  of  elongation.  As 
the  rate  of  cooling  has  been  increased,  or,  in  other  words,  as 
the  steel  has  been  made  softer,  the  tensile  strength  has  declined,' 
while  the  elongation  has  increased.  In  two  of  the  groups  the 
percentage  of  contraction  or  reduction  of  area  has  fallen,  like 
the  tensile  strength. 

These  illustrations  indicate  the  effect  of  the  development  of 
ferrite  upon  the  tensile  strength.  As  the  ferrite  has  more  com- 
pletely separated  out  and  become  a  well-defined  net-work,  it  has 
softened  the  steel,  thereby  decreasing  tensile  strength  and  in- 
creasing the  stretch. 
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Table  T. — Physical  Tests  of  the  Steel,  the  Structure  of  Which  is 
Shoivn  in  Figs.  9  to  21,  Inclusive. 


Fig. 

Tensile 

Strength. 

Lb.  Per 

Sq.  In. 

Elongation 

on  4  In. 

Per 

Cent. 

Reduction 

■  of  Area. 

Per 

Cent. 

Heated  to 
Deg.  C. 

Cooled  in, 

9 

104,176 

23 

46 

As  hammered. 

Air. 

10 

105,960 

20 

36 

800 

Air. 

11 

105,450 

22 

35 

440 

Air. 

12 

101,120 

23 

37 

660 

Air. 

13 

99,847 

25 

43 

710 

Air. 

14 

97,555 

26 

31 

710 

Ashes. 

15 

95,770 

25 

29 

710 

Lime. 

16 

109,271 

21 

31 

780 

Air. 

17 

101,120 

22 

31 

780 

Ashes. 

18 

96,026 

23 

33 

780 

Lime. 

19 

106,979 

19 

33 

900 

Air. 

20 

100,866 

21 

33 

900 

Ashes. 

21 

97,809 

23 

31 

900 

Lime. 

3.  Structure  and  Physical  Properties  as  Related  to  Different 
Finishing-  Temperatures  and  Different  Rates  of  Cooling. 

This  steel  contained:  C,  0.52;  P,  0.034;  Mn,  0.65;  Si,  0.24, 
and  S,  0.029  per  cent.  Bars,  12  in.  long  by  1.25  in.  square, 
were  drawn  from  test-ingots  4  in.  square,  which  had  been 
previously  cogged  under  a  steam-hammer,  all  these  ingots 
having  been  heated  to  1,000°  C.  (the  temperature  of  the  fur- 
nace) before  work  was  begun.  Since  the  finished  bars  were  so 
small  in  section  that  cooling  would  be,  in  anj-  case,  compara- 
tively rapid,  only  two  rates  of  cooling  were  tried — namely,  that 
of  cooling  in  lime,  and  that  of  cooling  in  air  within  a  lined  box, 
which  simply  protected  the  bar  from  drafts  of  air  in  the  shop. 
The  temperature  in  this  box  was  about  100°  F. 

The  work  was  measured  by  time,  since  the  smith  hammered 
the  bars  under  a  small  steam-hammer,  giving  about  the  same 
blows  to  each  bar,  without  any  knowledge  of  what  the  experi- 
menter had  in  mind. 
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Table  II. — Physical  Tests  of  the  Steely  the  Structure  of  Which  is 
Shoion  in  Figs.  22  to  29,  Inclusive. 

Tensile  Elongation  Reduction 

Time  of                                           strength.  on  4  In.         of  Area. 

Work.                                              Lb.  Per  Per                Per 

Fig.          Cooled  in.       Min.                Color.                     .Sq.  In.  Cent.              Cent. 

22  Air.  1  Dull  yellow.  107,997  17.5  33 

23  Lime.  1  95,515  18.0  31 

24  Air.  2  Cherry-red.  104,940  16.0  36 

25  Lime.  2  '  .' 93,988  18.5  36 

26  Air.  3  Red.  103,.S75  18.0  37 

27  Lime.  3  94,498  21.0  39 

28  Air.  4  Dark  red.  100,865  17.5  36 

29  Lime.  4  99,083  20.0  39 

As  ill  the  preceding  group,  the  ettect  of  the  lime-treatment, 
allowing  a  thorough  separation  of  the  ferrite  from  the  mother 
metal,  lowered  in  every  case  the  tensile  strength  ;  so,  conversely^ 
by  cooling  at  a  quicker  rate  in  the  box,  the  tensile  strength  has 
been  raised.  The  diiference  becomes  greater  as  the  cooling- 
period  is  lengthened  by  a  higher  finishing-temperature,  as  indi- 
cated by  the  smaller  amount  of  work  done  upon  the  bar  before 
cooling.  The  same  marked  decrease  in  tensile  strength  with 
continued  work  and  consequent  lower  finishing-temperature  is 
not  exhibited  by  the  lime-cooled  specimens  (Nos.  23,  25,  27  and 
29).  The  large  increase  in  tensile  strength  shown  in  No.  29 
may  possibly  be  due  to  an  accidental  longer  exposure  to  air 
(by  reason  of  slower  handling,  stamping,  etc.)  between  the 
finish  of  the  work  and  the  immersion  in  lime.  This  would 
have  allowed  air-cooling  to  affect  the  result. 

There  has  been  a  notion  at  some  steel-works  that  the  hotter 
a  bar  is  finished,  the  lower  will  be  its  tensile  strength.  This 
experiment  disproves  that  proposition,  confirming,  so  far  as  it 
goes,  the  well-established  theory  that  tensile  strength  increases, 
up  to  a  certain  point,  with  finishing-temperature.  Beyond  that 
point  (which,  however,  was  not  passed  in  this  experiment)  it 
decreases. 

4.   Prof  Sauveur's  Statement. 

To  test  this  statement,  footnote  \  on  page  389,  two  bars  were 
drawn  from  the  ingot  having  the  same  composition  as  those  in 
Table  II.  The  first  was  drawn  in  the  usual  way  (the  work  oc- 
cupying about  2  min.),  and  cooled  in  the  air.  When  cold,  it 
was  re-heated  in  a  coke-furnace  to  cherry-red ;  and  at  the  same 
time  the  second  bar  was  hammered  from  the  hot  ingot  until  it 
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was  cherry-red  (about  1,350°  F,).  When  work  ceased  on  this 
bar,  the  other  was  drawn  from  the  furnace..  Even  to  the  ex- 
perienced eye  of  a  heater,  there  was  no  ditference  in  appear- 
ance; both  seemed  to  have  the  same  temperature.  They  were 
then  cooled,  side  by  side,  in  a  lined  box.  Fig.  30  shows  the 
resulting  structure  of  the  bar  tinished  at  cherry-red,  and  Fig. 
31  that  of  the  bar  re-heated  to  cherry-red.  The  latter  is  easily 
seen  to  be  finer,  showing  that  the  identical  outside  appearance 
of  the  two  bars  was  misleading  as  to  their  internal  condition. 
The  center  of  the  worked  bar  was  higher  in  temperature  than 
that  of  the  re-heated  one.  It  is  not  possible  to  produce  the 
same  eiiect  by  work  as  by  re-heating;  for  work  preserves  (and, 
if  it  be  severe  enough,  even  raises)  the  internal  temperature, 
and  subsequent  cooling  sets  up  an  unequal  crystallization. 
Under  proper  re-heating,  on  the  other  hand,  the  steel  becomes 
a  solid  solution,  from  which  crystals  of  approximate  homoge- 
neity and  uniform  size  may  separate. 

Table  III.  shows  a  difference  in  physical  qualities  correspond- 
ing to  that  of  the  structure.  The  same  difference  is  observed 
when  larger  masses  of  steel  are  similarly  treated. 

Table  III. — Physical  Tests  of  Bars,  of  Which  the  Structure 
is  Shown  in  Figs.  30  and  31. 

Tensile  Elongation  Reduction 

Strength.  on  4  lu.  of  Area. 

Lb.  Per  Per                 Per 

Fig.                      Treatment.                   Cooled  in.              Sq.  In.  Cent.              Cent. 

30  Hammered   about   2 

min.  to  cherry-red.  Box.  109,271  15  26 

31  Ditto  ;  then  cooled 
and  reheated  to  match 
iS'o.   30   as  it   left  the 

hammer.  Box.  106,271  15  33 

Prof  Sauveur's  statement  may  be  approximately  correct  for 
a  ver}'  small  section ;  but  as  the  metallic  mass  treated  is  in- 
creased, the  greater  becomes  the  discrepancy  of  internal  con- 
ditions, which  invalidates  his  proposition. 

III.  Acid  Open-Hearth  Steel  Containing  about  0.75  Per 
Cent,  of  Carbon. 

In  the  report  of  this  part  of  the  series  of  experiments,  the 
structure  will  not  be  shown  by  micrographs.  Such  illustra- 
tions of  the  structure  of  an  "  seolic  "  or  "  eutectic  "  steel  are  not 
easily  interpreted  at  a  glance,  and  would  in  this  instance  add 
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nothing  important  to  the  evidence  of  the  physical  tests.  We 
may,  however,  assume  that  the  structural  changes  are  analo- 
gous to  those  produced  by  the  same  treatment  in  0.50-car- 
bon  steel;  and,  for  the  purpose  of  comparison,  the  numbers  of 
the  corresponding  sections  of  that  material  are  given  in  paren- 
theses in  the  tables  below. 

1.  Fhysical  Properties  as  Related  to  Temperature  at  Different 
Bates  of  Cooling. 

The  composition  of  this  steel  was  :   C,  0.72  ;   P,  0.034  ;   Mn, 
0.64;   Si,  0.22;   S,  0.03 

Table  TV. — Physical  Tests  of  Bars  Nos.  32  to  44,  Inclusive. 


Bar  No. 

Tensile 

Strength. 

Lb.  Per 

Sq.  In. 

Elongation 

on  4  In. 

Per 

Cent. 

Reduction 

of  Area. 

Per 

Cent. 

Heated  to 
Deg.  C. 

Cooled  in. 

32    (9) 

143,657 

13 

21 

As  hammered. 

Air. 

33  (10) 

139,073 

11 

15 

300 

Air. 

34  (11) 

124,554 

13 

19 

440 

Air. 

35(12) 

136,5-26 

11 

15 

660 

Air. 

36(13) 

129,139 

9 

23 

710 

Air. 

37  (14) 

123,535 

14 

21 

710 

Ashes. 

38  (15) 

113,092 

15 

19 

710 

Lime. 

39  (16) 

131,176 

12 

17 

780 

Air. 

40(17) 

131,686 

9 

18 

780 

Ashe.s. 

41  (18) 

126,846 

11 

15 

780 

Lime. 

42  (19) 

129,393 

7 

23 

900 

Air. 

43  (20) 

117,677 

11 

15 

900 

Ashes. 

44  (21) 

119,205 

9 

10 

900 

Lime. 

These  results  do  not  give  as  regular  or  as  conclusive  figures 
as  those  obtained  from  the  0.50-carbon  steel;  but  it  appears 
upon  careful  study  of  them  that  as  the  rate  of  cooling  increases, 
the  tensile  strength  and  the  contraction  decrease,  while  there 
is  a  slight  rise  in  elongation. 

Although,  as  already  explained,  the  experiments  were  made 
upon  bars  1.25  in.  square,  and  therefore  can  serve  only  as  indi- 
cations of  what  would  take  place  in  larger  masses,  it  has  been 
found  in  practical  experience  that  these  indications  are  highly 
trustworthy,  and  that  the  behavior  of  large  masses  of  steel 
under  similar  conditions  follows  the  same  law. 
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Physical  Froperiies  as  Related  to  Different  Finishing  Tempera- 
tures and  Difi'erent  Rates  of  Cooling. 
This  steel  liad  the  same  composition  as  that  of  Table  IV. 


Table 

V. — Physical  Tests 

of  Bars  Nos.  45 

/o  56,  Inclusive. 

Bar  No. 

Trealment. 
Drawn  tu. 

Time. 
Mill. 

Cooled  in. 

Tensile 

Strength. 

Lb.  Per 

Sq.  In. 

Elongation     Reduction 

on  4  In.          of  Area. 

Per                 Per 

Cent.               Cent. 

45 

Dark  reel. 

4.5 

Air. 

131,431 

11.0                 19 

4d 

Dark  red. 

4.5 

Box. 

130,H67 

11.0                 19 

47 

Dark  red. 

4.0 

Ashes. 

131,176 

10.0                23 

48 

Red. 

3 

Air. 

133,978 

11.0                23 

49 

Red. 

3 

Box. 

131,940 

11.0                23 

50 

Red. 

3 

Ashes. 

125,837 

12.0                23 

51 

Cherry-red. 

2 

Air. 

139,837 

9.0                19 

52 

Cherry-red. 

2 

Box. 

136,271 

10.0               17 

53 

Cherry-red. 

2 

Ashes. 

128,371 

1 1 .0               19 

54 

Dull  yellow. 

1 

Air. 

139,327 

8.5               19 

55 

Dull  yellow. 

1 

Box. 

138,383 

10.5               19 

56 

Dull  yellow. 

1 

Ashes. 

Broke  in 

machine. 

3.  Prof.  Howe's  Statenunt. 
This  statement,  quoted  in  footnote  ^  on  page  389,  is  con- 
firmed by  our  experiments.  Table  V.  clearly  shows  an  in- 
crease of  tensile  strength  with  increase  of  finishing-tempera- 
ture. (Compare  Nos.  46,  49,  52  and  55.)  Table  II.  gives  simi- 
lar evidence.  Tables  VI.  and  VII.  furnish  further  direct  cor- 
roboration. 

Table  VI.— Physical  'Tests  of  Steel  Containing:  C,  0.76  ;  P, 
0.031;   Mn,  0.64;   Si,  0.26;  S, . 


Bar  No. 
57 

58 
59 
60 


Treatment. 
Drawn  to. 

Dark  red. 

Red. 

Cherry-red. 

Dull  vellow. 


Time. 
Min. 

4.5 

3.0 

2.0 

1.0 


Cooled  in. 
Box. 
Box. 
Box. 
Box. 


Tensile 

StrenKth. 

Lb.  Per 

Sq.  In. 

139,073 

141,619 

142,638 

142,929 


Elongation 

on  4  111. 

Per 

Cent. 

10 

10 

9 

9 


Reduction 

of  Area. 

Per 

Cent. 

15 

14 

19 

15 


Table  VIL— Physical  Tests  of  Steel  Contaimng :  C,  0.74;  P, 
0.033;  Mn,  0.66;  Si,  0.28  ;   S, . 


Bar  No. 
61 
62 
63 


Treatment. 
Drawn  to. 

Dull  yellow. 

Clierry-red. 

Red.  " 


Time. 
Min. 


Cooled  in. 
Box. 
Box. 
Box. 


Tensile 

Streniith. 

Lb.  Per 

Sq.  In. 

137,544 

136,526 

136,271 


Elongation 

on  4  In. 

Per 

Cent. 

9 

10 

11 


Reduction 

of  Area. 

Per 

Cent. 

17 

17 

19 


IV.  Conclusions. 
These  experiments  have  shown  that,  with  one  exception,  the 
theories  based  by  investigators  of  acknowledged  authority  upon 
experiments  with  other  grades  of  steel  hold  good  as  to  the  two 
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classes  of  acid  open-laearth  steel  here  considered.  Indeed,  with 
regard  to  the  one  exception — namely,  the  qualified  contradic- 
tion of  Prof.  Sauveur's  statement  as  to  the  relative  effect  upon 
structure  of  mechanical  work  and  heat-treatment — it  may 
fairly  be  claimed  that  while  the  observations  adduced  as  evi- 
dence were  made  upon  a  certain  kind  of  steel  only,  the  expla- 
nation which  they  demand  is  equally  applicable  to  all  other 
kinds,  so  far  as  their  structure  is  affected  by  work  or  by  heat- 
treatment.  In  this  particular,  the  experiments  simply  declare 
what  we  would  naturally  expect,  as  an  inference  from  the  physi- 
cal circumstances. 

It  may  therefore  be  confessed  that  these  experiments  have 
done  no  more  than  bring  certain  commercial  steels  into  line 
with  others,  more  thoroughly  investigated  heretofore,  in  sup- 
port of  generally  accepted  theories  as  to  heat- treatment.  Yet, 
on  the  other  hand,  it  may  be  asserted  that  such  a  confirmation 
is  by  no  means  wholly  superfluous  or  useless.  Even  theorists 
welcome  direct  evidence  in  support  of  generalizations  based 
upon  analogies,  or  partial  indications;  and  practitioners  are 
prone  to  think  (not  always  without  some  justification)  that  the 
special  problems  with  which  they  have  to  deal  are  not  to  be 
solved  by  formulas  calculated  from  different  data.  It  is  no  • 
small  thing  to  convince  a  practical  mill-man  of  a  really  general 
law,  which  governs  his  mill,  as  well  as  others. 

I  may  add  that,  in  actual  practice,  the  results  of  the  above 
experiments,  and  others  like  them,  have  proved  highly  useful 
as  checks  upon  daily  operations,  guides  to  needed  improve- 
ments in  manipulation,  and  suggestions  of  remedy  for  difficul- 
ties encountered.  It  is  not  only  the  practical  experts  who  may 
profitably  realize  the  value  of  scientific  inquiries  and  their  re- 
sults. The  proprietors  of  works  (including  the  directors  and. 
stockholders  of  manufacturing  corporations)  might  well  appre- 
ciate more  highly  the  advantage  of  such  inquiries,  made  by 
their  own  employees  and  at  their  own  expense.  Everybody 
has  arrived  (though  only  in  comparatively  recent  years)  at  the 
recognition  of  the  indispensable  value  of  a  chemical  laboratory 
in  connection  with  every  iron-works.  It  cannot  be  said  that 
the  science  of  metallography  has  yet  achieved  a  similar  recog- 
nition. But  the  time  is  not  far  ofi"  when  this  science  also  will 
be  welcomed  as  an  aid  by  an  industry  which  unquestionably, 
needs  all  the  scientific  help  it  can  possibly  get. 
VOL.  XXX VII. — 26 
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Effect  of  Low  Temperature  on  the  Recovery  of 
Steel  From   Overstrain. 

BY  E.  J.  McCAUSTLAND,  ITHACA,  N.  Y. 
(London  Meeting,  July,  1906.) 

The  behavior  of  steel  after  overstrain  and  at  moderate  tem- 
peratures is  fairly  well  known.  It  has  been  made  the  subject 
of  much  investigation,  and  our  knowledge  is  clear  and  definite 
on  many  points.  The  ultimate  raising  of  the  elastic  limit,  after 
moderate  overstrain,  and  the  consequent  lowering  of  the  duc- 
tility, seem  to  be  well  established.  It  is  also  well  understood 
that  the  immediate  efl'ect  of  overstrain  is  to  lower  the  elastic 
limit,  possibly  to  zero,  but  that  if  not  interfered  with,  this  limit 
will  subsequently  rise  higher  than  before.  The  "  tests  after 
moderate  temperature,"  reported  in  this  paper,  were  under- 
taken to  verify  the  above  statements  for  the  particular  steel 
under  investigation,  and  also  to  determine,  if  possible,  the 
total  time  required  for  complete  recovery  from  this  state  of 
overstrain. 

The  behavior  of  overstrained  steel  at  temperatures  at  or  be- 
low 32°  F.  is  not  so  well  known.  Tests  made  by  Prof.  E.  G. 
Coker,  at  McGill  University,^  show  that  steel,  overstrained  and 
subjected  to  cold,  will  remain  in  a  state  of  overstrain  for  an 
indefinite  period.  I  am  not  aware  of  any  other  published  re- 
sults of  tests  along  this  particular  line. 

The  effect  of  time  and  temperature  on  the  recovery  of  steel 
from  overstrain  was  made  in  1902-3  the  subject  of  some  in- 
vestigation in  the  laboratories  of  the  College  of  Civil  Engi- 
neering of  Cornell  University.  A  general  plan  was  outlined  in 
connection  with  the  regular  courses  of  instruction  in  testing  of 
materials ;  but  the  press  of  routine  work  and  the  demands  of 
the  schedules  on  the  time  of  the  students  were  so  great  as  to 
presage  long  delay  in  the  completion  of  the  work.  Not  much 
had  been  accomplished  up  to  1904-05,  when   Messrs.  E.  C. 

1  Physical  Bedew,  vol.  xv.,  No.  2  (1902). 
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Johnson  and  TV.  F.  Pond  chose  this  subject  for  a  thesis-inves- 
tigation under  my  direction ;  and  I  am  indebted  to  these  gen- 
tlemen for  mucli  of  the  experimental  data  upon  which  this 
paper  is  based.  Altogether,  about  120  separate  tests  were 
made,  of  which  only  a  few  are  here  reported.       As  instructor, 

1  was  in  close  touch  with  the  experimental  work  in  all  its 
stages,  although  the  actual  manipulation  of  the  testing-appar- 
atus was  done  by  Messrs.  Johnson  and  Pond.  The  experience 
gained  in  planning  the  tests  of  the  previous  two  years  was 
sufficiently  extended  and  definite  to  permit  the  adoption  of  the 
following  more  satisfactory  outline  of  procedure  for  the  tests 
here  reported : 

This  outline  as  planned,  and  with  brief  explanation,  is  given 
in  full  here  for  reference  : 

I.   Scheme  of  Experiments. 

1.  Tests  After  Moderate  Temperatures. — Investigate  the  effect 
of  time  on  the  recovery  of  steel  from  overstrain,  the  specimen 
being  subjected  to  moderate  temperatures  only — i.  e.,  tempera- 
tures ranging  from  60°  to  70°  F. 

2.  Tests  After  High  Temperatures. — Investigate  the  acceler- 
ating effect  of  high  temperature  on  the  time  of  recovery  of  steel 
from  overstrain.  (The  high  temperature  referred  to  through- 
out this  paper  is  that  of  saturated  steam.) 

3.  Tests  After  Low  Temperatures. — Investigate  the  retard- 
ing effect  of  low  temperatures — i.  e.,  temperatures  below 
32°  F. — on  the  time  of  recovery  of  steel  from  overstrain. 

4.  Tests  After  Low-High  and  After  Low-Moderate  Temper- 
atures.— Investigate  the  effect  of  high  and  also  of  moderate 
temperatures  on  the  recovery  of  overstrained  steel  which  has 
been  subjected  for  a  considerable  period  to  a  low  temperature. 

II.    Materials  Used  in  These  Tests. 

Two  kinds  of  steel  were  used  in  making  these  tests  : 

1.  The  grade  known  as   "  extra  soft,"  the  specimen  being 

2  in.  wide  and  cut  from  a  |-in.  plate,  thus  giving  a  sectional 
area  of  1.25  sq.  in.  The  pieces  were  sheared  wider  than  2  in. 
and  then  milled  down  to  gauge. 

2.  A  mild  steel,'  received  in  the  form  of  f-in.  round  rods, 
which  were  not  turned  down  at  all,  but  were  tested  with  the 
"  skin  "  on.     The  area  of  these  rods  was  taken  as  0.312  sq.  in. 
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III.  Methods  of  Testing. 

The  general  method  followed  in  making  these  tests  was  the 
same  for  all  the  pieces  tested.  Measurements  were  taken  to 
determine  elongations  on  a  gange-length  of  8  in.,  the  exten- 
someter  apparatus  being  of  the  double  micrometer  screw  type 
with  electric  contact,  and  reading  directly  to  0.001  in.,  and  by 
estimation  to  0.0001  in.  This  form  of  micrometer  allows  read- 
ings to  be  taken  on  opposite  sides  of  the  specimen,  so  that  the 
mean  of  the  readings  gives  the  true  relative  deformations  of 
the  piece.  To  determine  the  stress-deformation  relations,  loads 
were  applied,  increasing  by  equal  increments,  and  the  microm- 
eters were  read  at  each  loading,  to  determine  the  elongations. 
The  load  was  occasionally  reduced  to  zero,  and  the  micrometers 
were  read  in  order  to  determine  the  amount,  if  any,  of  the  per- 
manent elongation  of  the  piece.  In  the  accompanying  tables, 
the  loads  are  reduced  to  pounds  per  sq.  in.;  and  the  elongations 
determined  from  the  micrometer-readings  are  reduced  to 
inches  per  inch  of  length  of  specimen. 

Cyclical  Loadings. — When  it  was  found  that  the  elastic  limit 
had  been  slightly  exceeded,  and  a  permanent  stretch  of  from 
0.03  to  0.06  in.  in  the  8-in.  gauge-length  had  taken  place,  the 
load  was  entirely  removed  ;  the  micrometers  were  reset  to  8-in. 
gauge ;  and  a  second  test  was  made  with  loads  rising  by  equal 
increments  up  to  a  point  slightly  beyond  the  original  elastic 
limit,  and  then  returning  by  equal  decrements  to  zero.  So 
long  as  the  specimen  was  in  a  state  of  overstrain,  the  plotting 
of  the  elongations  for  these  cyclical  loadings  would  form  a  so- 
called  "  hysteresis-loop,"  caused  by  the  failure  of  the  elastic 
forces  within  the  piece  to  assert  themselves  promptly  upon  the 
removal  of  the  external  load.  The  width  of  these  loops,  un- 
der repeated  loadings,  would  be  reduced  in  proportion  to  the 
recovery  from  the  state  of  overstrain.  After  the  first  cyclical 
loading,  the  bars  were  subjected  to  the  temperature-conditions 
described  for  the  separate  tests,  and  the  cyclical  loadings  were 
repeated  at  varying  intervals  in  order  to  follow  the  process 
of  recovery,  or  to  demonstrate  its  acceleration  or  its  complete 
arrest. 

IV.  Temperature  Conditions. 

The  "  moderate  "  temperatures  referred  to  throughout  this 
paper  are  those  usually  prevailing  in   a  room  adjoining  the 
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laboratory,  which  varied  from  60°  to  70°  F.  The  "high" 
temperatures  refer  to  those  cases  in  which  the  specimen  was 
subjected  for  45  min.  to  a  steam-bath  in  a  copper  boiler.  The 
"low"  temperatures  were  obtained  b}''  placing  the  specimens 
in  one  of  the  refrigerating-rooms  near  the  laboratory.  A  record 
of  the  temperatures  prevailing  in  this  room  throughout  the 
period  of  these  tests,  shows  that  at  no  time  did  the  ther- 
mometer register  above  30°  F.  For  purposes  of  testing,  the 
specimens  were  transported  to  and  from  the  cold-storage  room 
in  a  small  box  packed  with  ice.  During  the  tests,  the  tem- 
perature of  the  laboratory  was  kept  as  low  as  possible,  by  clos- 
ing the  doors  and  opening  the  windows  to  the  outer  air.  Since 
all  the  tests  after  "  low  "  temperatures  were  made  during  the 
winter,  the  highest  temperature  reached  in  the  laboratory  dur- 
ing these  tests  was  41°  F.  The  specimens  were  kept  packed 
in  ice,  except  the  ends,  which  were  left  free,  until  wedged  in 
the  testing-machine,  the  pack  being  removed  just  previously 
to  the  attachment  of  the  micrometers.  A  cyclical  test  could 
ordinarily  be  run  in  about  30  min.,  so  that  the  effect  of  any 
small  rise  in  temperature  during  the  test  was  of  no  practical 
importance. 

V.  Explanation  of  Tabulations  and  Curves. 

In  arranging  the  tables  which  follow,  both  for  the  stress- 
deformation  tests  and  for  the  results  of  the  cyclical  loadings, 
an  attempt  has  been  made  to  condense  the  figures  to  the  lowest 
possible  limit  consistent  with  completeness.  The  original  record, 
or  log  of  tests,  included  the  total  applied  load  and  the  two  sep- 
arate micrometer-readings.  In  these  tables  the  loads  have  been 
reduced  to  pounds  per  bc|.  in.,  and  only  the  mean  of  the  simul- 
taneous micrometer-readings  is  given.  From  these  mean  values 
the  unit>elongations,  included  in  the  tables,  have  been  com- 
puted, which  indicate  the  amount  of  stretch,  per  in.  of  length, 
for  the  recorded  load  in  pounds  per  sq.  in.  The  manner 
in  which  the  curves  are  drawn  from  the  tabular  values  is 
obvious.  The  elastic  limit  of  a  specimen  is  determined  from 
an  inspection  of  the  stress-deformation  diagram.  The  total 
permanent  stretch  taking  place  in  the  gauge-length  of  8  in.  was 
determined  for  each  specimen  by  a  complete  release  of  the 
load  and  an  observation  of  the  micrometer-readino-s.      In  tab- 
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ulatiug  the  results  of  the  cyclical  loadings,  a  single  column  for 
the  applied  loads  is  made  to  serve  for  a  number  of  tests,  in  or- 
der to  save  space  on  the  printed  page. 

VI.  Discussion  of  Tests  by  Groups. 

1.  Moderate  Temjoeratures. — About  40  tests  were  made  on  eight 
difi'erent  specimens  kept  at  moderate  temperatures,  and  of  these 
specimens,  two  of  each  kind  of  steel  have  been  chosen  as 
representing  the  typical  behavior  for  these  conditions.  Speci- 
mens Nos.  1  and  2,  although  of  the  same  kind  of  steel,  differ 
somewhat  in  behavior.  The  ratio  of  deformation  to  stress 
above  a  load  of  33,000  lb.  is  considerably  greater  in  Specimen 
No.  2,  notwithstanding  the  fact  that  it  has  a  slightly  higher 
elastic  limit  than  Specimen  No.  1.  On  account  of  this  fact,  the 
cyclical  loadings  were  not  run  up  to  such  high  values  for  No.  2 
as  for  No.  1.  While  the  tests  on  Specimen  No.  1  did  not  ex- 
tend beyond  the  69-hr.  period,  it  is  to  be  noticed  that  although 
the  recovery  was  practically  complete,  yet  a  slight  difference  in 
the  elongations  on  the  return-load  may  still  be  observed. 

The  curves  for  Specimens  Nos.  3  and  4,  of  mild  steel,  agree 
more  closely,  notwithstanding  the  fact  that  the  time  of  re- 
covery is  somewhat  widely  different.  It  is  probable  that  the 
total  stretch  of  No.  3,  being  considerably  greater  than  that  of 
No.  4,  would  operate  to  retard  the  time  of  complete  recovery. 
A  number  of  cyclical  loadings,  not  included  in  the  tables,  were 
run  on  both  these  specimens.  A  comparison  of  the  average 
times  of  recovery  for  the  two  kinds  of  steel  shows  that  the 
mild  steel  recovers  much  more  slowh'  than  does  the  soft  steel. 

2.  High  Temperatures. — In  this  group,  seven  specimens  were 
tested,  a  large  number  of  observations  being  taken  which  are  not 
here  included.  Specimens  Nos.  5  and  6  were  of  the  soft  steel, 
and  the  sets  of  curves  are  very  much  alike.  Attention  is 
drawn  to  the  differences  in  the  form  of  loop  No.  3  for  the  two 
specimens.  In  Specimen  No.  5  the  cycle  marked  No.  3  was 
taken  immediately  after  the  removal  of  the  piece  from  the 
steam-bath,  the  temperature  having  been  so  reduced  that  the 
piece  could  be  easily  handled.  In  Specimen  No.  6  the  corre- 
sponding cycle  was  delayed  for  about  an  hour  after  the  re- 
moval from  the  bath ;  and  this  dela}'  resulted  in  the  formation 
of  a  much  narrower  loop  from  the  test. 
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Only  two  specimens  of  mild  steel,  ]Sros.  7  and  8,  were  tested 
for  the  effect  of  high  temperature,  and  the  results  for  both 
are  given.  It  is  very  probable  that  the  wide  difference  in  the 
time  of  recovery  of  these  two  specimens  was,  in  large  measure, 
due  to  the  difference  in  the  maximum  load  attained  in  the  re- 
spective cycles,  which,  although  it  amounted  to  only  700  lb.  per 
sq.  in.,  would  have  a  comparatively  large  eftect  in  the  region 
of  the  elastic  limit.  The  excess  of  permanent  elongation  in 
the  case  of  Specimen  No.  8  can  scarcely  be  held  accountable 
for  any  large  part  of  this  increase  in  the  time  required  for  com- 
plete recovery. 

3.  LoiD  Temjjeratures. — In  this  group  also,  seven  separate  pieces 
w^ere  tested,  and  the  results  on  four  of  the  specimens  are  here 
given.  The  stress-deformation  relations  in  Specimen  Xo.  9,  a 
piece  of  soft  steel,  were  determined  in  the  usual  manner,  and 
the  test  was  followed  at  once  by  the  cyclical  loading,  the  curve 
for  which  is  plotted  as  Ko.  2  on  the  diagram  for  this  speci- 
men. The  piece  was  removed  from  the  machine,  packed  in 
ice,  and  placed  in  cold  storage,  from  which  it  was  removed  for 
a  cyclical  loading-test  at  intervals  covering  a  period  of  2,111 
hours.  Curve  'No.  5  indicates  the  condition  of  the  piece  after 
it  had  been  at  a  freezing-temperature  for  this  number  of  hours, 
and,  in  addition,  had  rested  at  a  moderate  temperature  for  a 
period  of  24  hr.  There  is  no  indication  whatever  of  recovery 
in  this  time.  On  the  contrary,  there  seems  to  be  a  gradual 
widening  of  the  loop  throughout  the  whole  period,  which 
would  indicate  a  gradual  breaking-down  of  the  material.  In 
all,  13  cycles  were  run  on  this  piece,  only  seven  of  which  are 
plotted  on  the  diagram.  Cycles  plotted  as  curves  Nos.  6,  7  and 
8  were  chosen  at  such  time-intervals  as  would  best  show  the 
slow  but  fairly  uniform  recovery  of  the  material  from  a  »state 
of  overstrain. 

Specimen  No.  10,  a  piece  of  soft  steel,  was  tested  in  much 
the  same  manner  as  No.  9,  but  was  left  for  a  much  longer 
period  under  the  influence  of  low  temperature.  The  piece  was 
originally  tested  in  April  and  remained  in  cold  storage  all 
summer,  the  final  tests  being  made  in  November.  Immediately 
after  cycle  No.  5  was  taken,  4,728  hr.  after  the  original  test, 
the  piece  was  placed  in  the  laboratory  at  moderate  tempera- 
ture, and  cycles  were  run  at  var3-ing  intervals  of  time  to  follow 
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the  process  of  recovery.  Cycle  ^STo.  6,  taken  120  hr.  later,  in- 
dicates an  almost  complete  recovery  of  the  elastic  properties 
with  a  marked  rise  of  the  elastic  limit.  The  figures  from 
which  cycle  l^o.  6  was  plotted  are  not  given.  It  is  to  be  noted 
that  the  time  of  recovery  at  moderate  temperature  of  these 
specimens  of  extra  soft  steel,  is  about  double  the  time  required 
in  the  cases  of  those  pieces  which  had  not  been  subjected  to 
the  influence  of  low  temperature  for  any  time. 

Specimen  'No.  11,  a  piece  of  mild  steel,  was  tested  in  the 
same  manner  as  Xos.  9  and  10,  and  was  then  subjected  to  low 
temperature,  its  condition  after  2,708  hr.  being  indicated  in 
the  plot  of  cycle  No.  4.  The  piece  was  then  placed  in  a  steam- 
bath  for  45  min.,  after  which  it  was  left  at  moderate  tempera- 
ture. Its  condition  at  the  end  of  24  hr.  after  the  steam-bath 
is  indicated  in  curve  No.  5 ;  and  the  following  curves  show 
a  gradual  recovery  until  curve  No.  8,  taken  93  hr.  later,  when 
the  process  of  recovery  seems  to  be  practically  complete.  This 
is  the  only  piece  of  mild  steel  that  was  tested  under  these  par- 
ticular temperature-conditions;  but  the  results  obtained  seem 
to  be  remarkably  consistent  among  themselves. 

Specimen  No.  12,  of  soft  steel,  was  subjected  to  the  same 
treatment  as  No.  11,  and  at  the  end  of  a  period  of  2,111  hr., 
during  which  it  had  been  subjected  to  a  temperature  below 
32°  F.,  it  showed  little  or  no  signs  of  recovery  from  the  eft'ects 
of  the  previous  overstrain.  The  piece  was  then  placed  in  a 
steam-bath  for  45  min.,  and  then  left  at  moderate  temperature 
for  further  tests.  At  the  end  of  23  hr.  a  cyclical  loading-test 
was  made,  the  results  of  which  are  plotted  in  curve  No.  5. 
This  test  showed  that  complete  recovery  had  taken  place.  The 
more  rapid  recovery  of  this  piece,  as  compared  with  that  of 
the  mild  steel,  Specimen  No.  11,  is  very  marked. 

VII.  Summary  of  Tests  and  Conclusions. 

Table  I.  gives  a  summary  of  the  tests,  so  that  the  time  of  re- 
covery from  overstrain  under  diiferent  temperature-conditions, 
and  for  the  two  kinds  of  steel,  may  be  appreciated  at  a  glance. 

An  examination  of  Table  I.  shows  clearly  that  all  the  tests, 
of  which  Specimens  Nos.  1  to  8  are  types,  exhibit  results  quite 
in  harmony  with  those  obtained  by  other  experimenters  along 
these  lines.      I  am  not  aware   of  any  tests  which  take  into  ac- 
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Table  I. — Summary  of  Tests. 


Kind. 

Elastic 
Limit. 

Stretch  in 
8  Inches. 

Inches. 
0.0339 
0.0366 
0.0632 
0.0372 
0.0517 
0.0512 
0.0129 
0.0147 
0.0244 
0.0462 
0.0206 
0.0468 

Hours  of 
Freezing- 
Temp. 

Time  of  Recovery. 

No. 

Moderate 
Temp. 

After 
Steam  Bath. 

Remarks. 

1 
2 
3 

Soft. 

Soft. 

Mild. 

Mild. 

Soft. 

Soft. 

Mild. 

Mild. 

Soft 

Soft. 

Mild. 

Soft. 

Lb.  Sq.  In. 
27,500 
28,000 
32,000 
32,000 
28,000 
28,000 
30.000 
30,000 
27,000 
27,500 
30,000 
28,500 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 
2,111 
4,727 
2,707 
2,111 

68 

69 

434 

359 

Increased    time 

4 
5 

25 

26 

24 

119 

93 

of  recoveiy 
due  to  greater 
stretch. 

6 

7 

8 

9 
10 
11 

142 
120 

of  recovery 
possibly  due 
to  higher  cy- 
clical loading. 

12 

23 

count  the  variation  in  the  carbon-content  of  the  steel,  as  affect- 
ing the  time  of  recovery  from  overstrain ;  but  it  appears  from 
these  experiments  that  recovery  is  more  gradual  as  the  carbon 
increases.  Specimens  Nos.  5  and  6,  of  soft  steel,  show  in  a 
marked  degree  the  accelerating  effect  of  high  temperature  on 
the  time  of  recovery.  Since  only  two  tests,  Specimens  Nos.  7 
and  8,  were  made  on  the  mild  steel,  and  since  these  show 
widely  varying  results  as  to  time  of  recovery  after  the  applica- 
tion of  heat,  it  can  be  concluded  only  that  high  temperatures 
hasten  recovery  to  a  degree  which  remains  uncertain  without 
further  tests.  As  to  these  particular  pieces,  it  may  be  possible 
that  the  difference  in  time  of  recovery  is  due,  to  some  extent 
at  least,  to  the  higher  cyclical  loading  to  which  Specimen  I^o. 
8  was  subjected. 

With  regard  to  the  question  upon  which  it  was  the  object  of 
these  experiments  to  obtain  light,  the  evidence  appears  con- 
clusive that  the  effect  of  continued  low  temperature  on  a  piece 
of  steel  which  has  been  stretched  slightly  beyond  the  elastic 
limit,  is  to  arrest  completely  the  recovery  of  its  elastic  proper- 
ties. That  is,  if  the  permanent  elongation  has  not  exceeded, 
say,  1  per  cent.,  no  recovery  of  elastic  properties  will  take 
place  while  the  specimen  is  kept  at  a  temperature  at  or  below 
32°  F.  Maxwell,^  in  his  article  on  "  Constitution  of  Bodies," 
says :  "  We  know  that  several  substances,  such  as  gutta-percha, 
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India-rubber,  etc.,  may  be  permanently  stretched  when  cold, 
and  yet  when  afterwards  heated  to  a  certain  temperature  they 
recover  their  original  form."  This  appears  to  be  true  in  the 
case  of  steel,  provided  the  deformation  has  not  been  exces- 
sive. Xo  difference  can  be  appreciated  in  this  regard  between 
the  two  kinds  of  steel  included  in  these  tests.  Xor  does  it  ap- 
pear that  the  possibility  of  a  final  recovery  is  at  all  interfered 
with  by  a  long  period  of  rest  at  a  temperature  below  32°  F. 
In  the  soft  steel  specimens,  Nos.  9  and  10,  it  is  true  that  the 
time  required  for  recovery  after  the  specimen  was  removed 
from  the  influence  of  the  low  temperature,  was  considerably 
greater  than  in  the  case  of  those  specimens,  Xos.  1  and  2,  which 
had  never  been  subjected  to  anything  but  moderate  tempera- 
tures. In  my  opinion,  however,  this  difference  in  the  time  of 
recovery  was  due,  not  to  previous  temperature-conditions,  but 
rather  to  the  diflerences  in  the  percentages  of  elongation  in  the 
various  specimens.  As  a  final  remark,  having  for  its  purpose 
the  suggestion  of  an  explanation  of  the  foregoing  phenomena, 
the  closing  paragraph  of  Prof.  Maxwell's  article,  already  cited, 
is  pertinent : 

"This  view  of  the  constitution  of  a  solid,  as  consisting  of  groups  of  molecules, 
some  of  which  are  in  different  circumstances  from  others,  also  helps  to  explain 
the  state  of  the  solid  after  a  permanent  deformation  has  been  given  to  it.  In  this 
case  some  of  the  less  stable  groups  have  broken  up  and  assumed  new  configura- 
tions, but  it  is  quite  possible  that  others,  more  stable,  may  still  retain  their  orig- 
inal configurations,  so  that  the  form  of  the  body  is  determined  by  the  equilib- 
rium between  these  two  sets  of  groups  ;  but  if,  on  account  of  rise  of  temperature, 
increase  of  moisture,  violent  vibration,  or  any  other  cause,  the  breaking  up  of 
the  less  stable  groups  is  facilitated,  the  more  stable  groups  may  again  a.ssert  their 
sway  and  tend  to  restore  the  body  to  the  shape  it  had  before  its  deformation." 
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Table  II. — Stress-Deformation  Tests — Extra  Soft  Steel. 

Section,  §  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 
Specimen  1.  Specimen  2. 
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D 

& 

II 
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' — '  ^, 

tH  a 

<u 

o 
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5 

o 
5 

Remarks. 

'o.S 

o3  0) 

bJO"^ 

R 

O 

W 

0.00000 

Remarks. 

0 

0.5479 

0.00000 

0.6.505 

3,200 

0.5472 

0.00009 

0.6497 

0.00010 

6,400 

0.5161 

0.00022 

0.6490 

0.00019 

9,600 

0.5453 

0.00032 

0.6482 

0.00029 

12,800 

0..5443 

0.00045 

0.6474 

0.00039 

16,000 

0.5434 

0.00057 

0.6465 

0.00050 

19,200 

0.5424 

0.00069 

0.64.57 

0.00060 

22,400 

0.5412 

0.000,S4 

0.6450 

0.00070 

25,600 

0.5394 

0.00106 

Elastic  limit,  27,500  lb.  per 

0.6441 

0.00080 

Elastic  limit,  28,000  lb.  per 

28,800 

0.5372 

0.00134 

sq.  m. 

0.6419 

0.00107 

sq. in. 

29,600 

0.5.365 

0.00142 

0.6370 

0.00170 

30,400 

0..5345 

0.00168 

0.6190 

0.00394 

31 ,200 

0.5335 

0.00180 

32,000 

0.5315 

0.00205 

'  32,800 

0.5212 

0.00334 

33,600 

0.5048 

0.00540 

Permanent  stretch  in  8  in. 

Permanent  stretch  in  8  in. 

0 

0.5140 

0.00424 

=  8  by  0.00424  =  0.0339  in. 

0.6212 

0.00366 

=  8  by  0.0036ii  =  0.0293  in. 

Stress-Deformation  Tests — Mild  Steel. 

Eound  rods.     Diam.,  0.63  in.     Area,  0.312  sq.  in. 
Specimen  3.  Specimen  4. 
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Remarks. 
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Remarks. 

o 

Mean  of  ; 
Reading 

cSQh 

3 

^.1 

.2  ^ 

1 

^ 

0 

0.5595 

0.00000 

0.5973 

0.00000 

3,200 

0.5585 

0.00012 

0.5963 

0.00012 

6,400 

0.5.577 

0.00022 

0.5952 

0.00026 

9,600 

0.5568 

0.00034 

0.5944 

0.00036 

12,800 

0..5560 

0.00044 

0.5935 

0.00047 

16,000 

0.55,50 

0.00056 

0.5926 

0.000.59 

19,200 

0.5541 

0.00067 

' 

0..5917 

0.00070 

22,400 

0.5533 

0.00077 

0.5909 

0.00080 

25,600 

0.5526 

0.00086 

0.5898 

0.00094 

28,800 

0..5516 

0.00098 

0.5887 

0.00107 

30,400 

No  read 

ing. 

0.5882 

0.00114 

32,000 

0.5507 

0.00110 

Elastic  limit,  32,000  lb.  per 

0.5873 

0.00125 

Elastic  limit,  32,0001b.  per 

33,600 

0.5395 

0.00250 

sq.  in. 

0.5851 

0.001.52 

sq.  in. 

35,200 

0.5288 

0.00384 

0.5825 

0.00185 

36,800 

0.4869 

0.00907 

0..5785 

0.00235 

38,400 

No  read 

ing. 

Permanent  stretch  in  8  in. 

0.5590 

0.00480 

Persnanent  .stretch  in  8  in. 

0 

0.4963 

0.00790 

=  8  by  0.0079  =  0.0632  in. 

0.5601 

0.00465 

=  8  by  0.00465  =  0.0372  in. 
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Table  III. —  Cyclical  Loading  of  Specimen  1 — Extra  Soft  Steel. 


Section,  |  in.  by  2  in.     Area, 

1. 25  sq.  in. 

Measurements  on  8-in. 

length. 

15  Minutes  After  Over- 

19 Hours  After  Over- 

68 Hours  After  Over- 

strain. 

strain. 

strain. 

Load, 
Lb.  Per 
Sq.  In. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

(Inch). 

0 

0.5140 

0.00000 

0.5124 

0.00000 

0.5425 

0.00000 

3,200 

0.-5132 

0.00010 

0.5116 

0.00010 

0.5414 

0.00014 

6,400 

0.5123 

0.00021 

0.5107 

0.00021 

0.5407 

0.00022 

9.600 

0.5113 

0.00034 

0.5101 

0.00029 

0.5400 

0.00031 

12.800 

0.5103 

0.00046 

0.5092 

0.00040 

0.5392 

0.00041 

16,000 

0..5096 

0.000.55 

0.5083 

0.00051 

0.5384 

0.00051 

19,200 

0.5086 

0.00068 

0.5075 

0.00061 

0.5376 

0.00061 

22,400 

0.5076 

0.00080 

0.5066 

0.00072 

0.5366 

0.00074 

25,600 

0..5069 

0.00090 

0.5056 

0.00085 

0.5360 

0.00081 

28,800 

0.5056 

0.00105 

0.5046 

0.00097 

0.. 53.52 

0.00091 

32,000 

0.5043 

0.00121 

0.5035 

0.00112 

0.5340 

0.00106 

33,200 

0.5036 

0.00130 

0.5028 

0.00120 

0.5337 

0.00110 

32,000 

0.5033 

0.00134 

0.5031 

0.00116 

0..5340 

0.00106 

28,800 

0.5040 

0.00125 

0.5038 

0.00107 

0.5349 

0.00095 

25,600 

0.5050 

0.00112 

0.5046 

0.00097 

0.5355 

0.00087 

22,400 

0.5061 

0.00099 

0.5a56 

0.00085 

0.5365 

0.00075 

19,200 

0.5070 

0.00088 

0.5065 

0.00074 

0.5372 

0.00066 

16.000 

0.5076 

0.00080 

0..5073 

0.00064 

0.5382 

0.000:i4 

12,800 

0.5086 

0.00068 

0..5083 

0.00051 

0.5389 

0.00045 

9,600 

0.5100 

0.00050 

0.5091 

0.00041 

0.5399 

0.00032 

6,400 

0.5108 

0.00040 

0.5102 

0.00028 

0.5406 

0.00023 

3,200 

0.5118 

0.00028 

0.5111 

0.00016 

0.5414 

0.00014 

0 

0.5126 

0.00018 

0.5119 

0.00006 

0.5425 

0.00000 

Specimen  1 — Extra  Soft  Steel  (see  Tables  II.  and  III.). 

Section,  |  in.  by  2  in.     Area,  L25  sq.  in.     Elastic  limit,  27,500  lb.  per  sq.  in. 
Permanent  set  in  8  in.,  0.04  in. 


1. — Stress-deformation  curve. 

2. — 15  min.  after  overstrain. 
3. — 19  hr.  after  overstrain. 
4. — 68  hr.  after  overstrain. 


Cyclical  Loadings. 
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Table  IV. — Cyclical  Loading  of  Specimen  2 — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8  in.  length. 


15  Minutes  After  Over- 
straiu. 

18  Hours  After  Over- 
strain. 

69  Hours  After  Over- 
strain. 

Load, 
Lb.  Per 
Sq.  In. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  per 

Inch). 

0 

3,200 

6,400 

9,600 

12,800 

16.000 

19,200 

22,400 

25,600 

27,200 

25,600 

22,400 

19,200 

16,000 

12,800 

9,600 

6,400 

3,200 

0 

0.6210 
0.6202 
0.6!;H 
0.6190 
0.6180 
0.6172 
0.6162 
0.6153 
0.6145 
0.61'20 
0.6124 
0.6130 
0.6141 
0.61.51 
0.6160 
0.6170 
0.6179 
0.6187 
0.6197 

0.00000 
0.00010 
0.00020 
0.00025 
0.00038 
0.00048 
0.00060 
0.00071 
0.00081 
0.00112 
0.00107 
0.00100 
0.00086 
0.00074 
0.00062 
0.00050 
0.00039 
0.00029 
0.00016 

0.6084 
0.6075 
0.6066 
0.6060 
0.60-51 
0.6042 
0.6035 
0.6023 
0.6015 
0.6007 
0.6004 
0.6017 
0.6023 
0.6030 
0.6040 
0.6051 
0.6060 
0.6067 
0.6078 

e.ooooo 

0.00011 
0.00022 
0.00030 
0.00041 
0.000.52 
0.0iX)61 
0.00076 
0.00086 
0.00097 
0.00100 
0.00084 
0.00076 
0.00067 
0.000-55 
0.00041 
0.00030 
0.00021 
0.00008 

0.-5910 
0.5902 
0..5893 
0.5886 
0..5875 
0.5865 
0.58.56 
0.5.847 
0.5840 
0..5830 
0..5838 
0.5841 
0.. 58.50 
0.5858 
0.5869 
0.5879 
0.5889 
0..5899 
0.5908 

0.00000 
0.00010 
0.00021 
0.00030 
0.00044 
0.00056 
0.00067 
0.00079 
0.00088 
0.00100 
0.00090 
0.00080 
0.00075 
0.00065 
0.000.51 
0.00038 
0.00026 
0.00013 
0.00002 

Specimen  2 — Extra  Soft  Steel  (see  Tables  II.  and  IV.). 

Section,  f  in.  by  2  in.     Area,  1.2-5  sq.  in.     Elastic  limit,  28,000  lb.  per  sq.  in. 
Permanent  set  in  8  in.,  0.03  in. 
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1. — Stress-deformation  curve. 

2. — 15  min.  after  overstrain. 
3. — 18  hr.  after  overstrain. 
4. — 69  hr.  after  overstrain. 
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Table  V. — Cyclical  Loading  of  Specimen  3 — 31ild  Steel. 

Diam.,  0.63  in.     Area,  0.312  sq.  in.     Measurements  on  8-in.  length. 


15  Minutes  After 
Overstrain. 

25  Hours  After 
Overstrain. 

48  Hours  After 
Overstrain. 

434  Hours  After 
Overstrain. 

if 

•-  a!    . 

<,-.'"'  01 
O       .d 

5S' 

CC  -4->    ^ 

O       Si 
^  s-  u 

a 

gs 

il 

Co 

C  OJ 

teg 

0 

3,200 

6,400 

9,600 

12,800 

16,000 

19,200 

22,400 

25,600 

28,800 

32,000 

35,-200 

32.000 

28,800 

25,600 

22,400 

19  200 

16,000 

12,800 

9,600 

6,400 

3,200 

0 

0.4983 
0.4970 
0.4962 
0.4955 
0.4944 
0.4937 
0.49-25 
0.4915 
0.4906 
0.4897 
0.4886 
0.4832 
0.4835 
0.4845 
0.4852 
0.4802 
0.4871 
0.4882 
0.4889 
0.4900 
0.4910 
0.49-20 
0.4928 

0.00005 
0.00016 
0.00026 
0.00035 
0.00049 
0.00057 
0.00072 
0.00085 
0.00096 
0.00107 
0.00121 
0.00190 
0.00185 
0.00172 
0.00104 
0.00151 
0.00140 
0.001-26 
0.00117 
0  00104 

0.4913 
0.4904 
0.4899 
0.4889 
0.4880 
0.4871 
0.4X62 
0.4,8.53 
0.4842 
0.4.S32 
0.4821 
0.4785 
0.47&5 
0.4795 
0.4804 
0.4814 
0.4819 
0.4831 
0.4840 
n  4<s.51 

0.00000 
0.00011 

O.OOdls 
0.001  i:;ii 
O.UOUll 
0.00052 
0.00064 
0.00075 
0.00090 
0.00101 
0.00115 
O.OOlfiO 

o.aiioo 

0.00147 
0.00136 
0.00124 
0.00117 
0.00102 
0.0UU91 
0.0U077 

o.otwoo 

0.00047 
0.00042 

0.4880 
0.4872 
o.  im;3 
o.  i^:,4 
o.lMl 
0.4882 
0. 4  8-26 
0.4815 
0.4806 
0.4798 
0.4788 
0.4772 
0.4773 
0.4780 
0.4785 
0.4799 
0.4806 
0.4,819 
0.4826 
0.4835 
0.4,«43 
0.4855 
0.4S62 

0.00000 
0.00100 
0.00021 
0.00032 
0.00045 
0.00060 
0.00067 
0.00081 
0.00092 
0.00102 
0.00115 
0.00135 
0.001:B4 
0.00125 
0.00119 
0.00101 
0.00092 
0.00076 
0.00067 
0.00056 
0.00046 
0.00031 
0.00022 

0.4190 

0.00000 

0.4170 

0.00025 

0.4150 

0.00050 

0.4130 

0.00075 

0.4110 

0.00100 

0.4089 
0.4079 
0.4088 

0.00126 
0.00139 
0.00127 

0.4108 

0.00102 

0.4V27 

0.00079 

0.4147 

0.00a54 

0.00091       0.4865 
0  00079       n  4,H7.T 

0.4165 

0.00031 

0.00069 

0.4879 

0.4188 

0.00002 

sq. 


Specimen  3 — Mild  Steel  (see  Tables  II.  and  Y.). 

Eound  rod.     Dlam.,  0.63  in.     Area,  0.312  sq.  in.     Elastic  limit,  32,000  lb.  per 
in.     Permanent  set  in  8  in.,  0.06  in. 
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1. — Stress-deturmation  curve. 


2. — 15  min.  after  overstrain. 
3. — 25  hr.  after  overstrain. 
4. — 48  hr.  after  overstrain. 
5. — 434  hr.  after  overstrain. 


Cyclical  Loadings. 
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Table  VI. —  Cyclical  Loading  of  Specimen  4 — Mild  Steel. 

Diam.,  0.63  in.     Area,  0.312  sq.  in.     Measurements  on  8-in.  length. 


15  Minutes  After 
Overstrain. 

23  Hours  After 
Overstrain. 

47  Hours  After 
Overstrain. 

359  Hours  After 
Overstrain. 

Lonrl,     Lb.     Per 
Sq.  In. 

O      A 
,..  i.  u 

oi  oC- 

4t 

t„PH  a, 

o    .a 

.is 

O       S3 

.OS 

ai 

t«*  u 

O       S3 
_  t-  o 

.2  S 

n 

0 
3,200 

0.5680 
0.5673 
0..5661 
0.56.53 
0.5643 
0..5637 
0.5627 
0.5617 
0..5609 
0.5600 
0.5.591 
0.5570 
0..5575 
0.5582 
0.5593 
0.5600 
0.5609 
0.5618 
0.5627 
0.5635 
0.5644 
0.5655 
0.5662 

0.00000 
0.00009 
0.00023 
0.00034 
0.00046 
0.00054 
0.00066 
0.00079 
0.00089 
0.00100 
O.OOUl 
0.00137 
0.00131 
0.00122 
0.00109 
0.00100 
0.00089 
0.00077 
0.00066 
0.000.56 
0.00045 
0.00031 
0.00022 

0.5660 
0.. 56.52 
0.5(i42 
0.5635 
0.5627 
0.5616 
0.5607 
0.5598 
0.5520 
0.5.579 
0.5571 
0.5558 
0.5577 
0.5567 
0.5575 
0.5585 
0.5594 
0.5603 
0.5608 
0.5622 
0.5630 
0.5638 
0.5648 

0.00000 
0.00010 
0.00022 
0.00031 
0.00041 
0.000.55 
0.00066 
0.00077 
0.00087 
0.00101 
0.00111 
0.00128 
0.00129 
0.00116 
0.00106 
0.00094 
0.00082 
0.00071 

o.ooo(;5 

0.00047 
0.00037 
0.00027 
0.00015 

0.5645 
0.5640 
0.5630 
0.5621 
0.5613 
0.5603 
0-5.594 
0.. 5.585 
0.5577 
0.5567 
0.5558 
0.5541 
0.5542 
0.5555 
0.. 5.563 
0.5573 
0..5578 
0.5590 
0.5600 
0.5610 
0.5618 
0.5628 
0.5636 

0.00000 
0.00006 
0.00019 
0.00030 
0.00040 
0.000-52 
O.OOOM 
0.00075 
0.00085 
0.00097 
0.00109 
0.00130 
0.00129 
0.00112 
0.00102 
0.00090 
0.00084 
0.00069 
0.00056 
0.00044 
0.00034 
0.00021 
0.00011 

0.5652 

0.00000 

6,400 
9,600 

0.5633 

0.00024 

12.800 
16,000 

0.5618 

0.00042 

19.200 
22,400 

0.5607 

0.00056 

25,600 
28,800 

0.5593 

0.00074 

32,000 
35,200 
32,000 
28,800 

0.5.575 
0.5564 
0.5.569 

0.00097 
0.00110 
0.00103 

25,600 
22,400 

0.5589 

0.00079 

19,200 
16,000 

0.5604 

0.00060 

12,800 
9,600 

0.5616 

0.00045 

6,400 

3,200 

0 

0.5632 

0.00025 

0.56.51 

0.00001 

Specimen  4 — 31ild  Steel  (see  Tables  II.  and  VI.). 

Eound  rod.     Diam.,  0.63  in.      Area,  0.312  sq.  in.     Elastic  limit,  32,000  lb. 
per  sq.  in.     Permanent  set  in  8  in.,  0.04  in. 
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1. — Stress-deformation  curve. 

2. — 15  min.  after  overstrain. 
3. — 23  hr.  after  overstrain. 
4. — 47  hr.  after  overstrain. 
5. — 359  hr.  after  overstrain. 
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Table  VIT, — Stress-Deformation  Tests — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 
Specinaen  5.  Specimen  6. 


u 

^ 

t-t 

m 

c 

o^ 

0) 

B-^ 

d) 

HH 

2  S 

"Sg 

a' 

g.a 

a^ 

S-c 

a^ 

M 

c  u 

o  o 

i^  S 

^2" 

t-  a 

^S 

Qi 

Oi-I 

o 

o 

(2 

S  ^ 

c5 

Remarks. 

^  ^ 

c5 

Remarks. 

1-1 

C  5? 

at  Qj 

0.5744 

o  ^ 
o 

C  as 

IP  a: 

.2  t< 
Si) 

C 
o 

s 

0 

0.00000 

0.7079 

0.00000 

3,200 

0.5734 

0.00012 

0.7068 

0.00014 

6,400 

0.5728 

0.00020 

0.7061 

0.00022 

9,000 

0.5720 

0.00030 

0.7050 

0.00036 

12,800 

0.5715 

0.00036 

0.7043 

0.00045 

16,000 

0.5708 

0.00045 

0.7035 

0.00055 

19,200 

0.5701 

0.00054 

0.7028 

0.00064 

22.400 

0.5693 

0.00064 

0.7019 

0.00075 

25,600 

0.5683 

0.00076 

0.7010 

O.OOOSO' 

27,200 

0.5673 

0.00089 

Elastic  limit,  28,000  lb.  per 

0.7000 

0.00099:Elastic  limit,  28,000  lb.  per 

28,800 

0.5670 

0.00092 

sq.  iu. 

0.0995 

0.00105 

sq.  in. 

30,400 

0.5663 

0.00101 

0.6985 

0.00117 

32,000 

0.5645 

0.00124 

0.6975 

0.00130 

32,800 

0.5635 

0.00136 

0.6970 

0.00136 

33,600 

0.5618 

0.00157 

0.6954 

0.00156 

35,200 

0.5495 

0.00310 

0.6857 

0.00277 

36,000 

0.5408 

0.00420 

0.6477 

0.00752 

36,800 

0.4985 

0.00950 

Permanent  stretch  in  8  in. 

No  read 

ing. 

Permanent  stretch  in  8  in. 

0 

0.5227 

0.00046 

=  8  by  0.OOG46  =  0.0517  in. 

0.6567 

0.00640 

=  8  by  0.00640  =  0.0512  in. 

Table  VIII. — Stress-Deformation  Tests — 3Iild  Steel. 

Eound  rods.     Diam.,  0.63  in.     Area,  0.312  sq.  in. 
Specimen  7.  Specimen  8. 


d 

Q)  _1 

|S 

O" 

s^ 

CO 

^  c 

OI 

p-l 

Sc« 

XI 

>J 

rl'o 

a  as 

3 

S" 

0 

0.4899 

3,200 

0.4889 

6,400 

0.4876 

9,600 

0.4865 

12,800 

0.48.53 

16,000 

0.4845 

19,200 

0.4835 

22,400 

0.4823 

25,600 

0.4810 

28,800 

0.4804 

30,400 

0.4797 

32,000 

0.4788 

33,600 

0.4771 

35,200 

0.4682 

36,800 

No  read 

0 

0.4770 

0.00000 
0.00012 
0.00029 
0.00042 
0.00057 
0.00067 
0.00080 
0.00095 
0.00111 
0.00119 
0.00127 
0.00139 
0.00160 

.0.00271 

'ng. 
0.00161! 


Remarks. 


Elastic  limit,  30,000  lb.  per 
sq.  in. 


Permanent  .stretch  in  8  in.  I 
=  8  by  0.00161  =  0.0129  in.  i 


4695 

4687 
4676 
4669 
4660 
4653 
4646 
4639 
4629 
4621 
4016 
4609 
4594 
4528 
4455 
4548 


Remarks. 


0.00000 

0.00010 

0.00024 

0.00032 

0.00044 

0.00052 

0.00061 

0.00070 

0.00082 

0.00092 

0.00099 

0.00107 

0.00126 

0.00209 

0. 00300, Permanentstretch  in  8in. 

0.001841     =8  by  0.00184=0.0147  in. 


Elastic  limit,  30,000  lb.  per 
sq.  in. 
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Table  IX. — Cyclical  Loading  of  Specimen  5 — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


Load, 
Lb.  Per 
Sq.  In. 

15  Minutes  After 
Overstrain. 

2  Hours  After  Overstrain, 
and  15  Minutes  after  Steam- 
Bath  of  %  Hour. 

25  Hours  After 
Overstrain. 

llean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 
Readings 
(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

3,200 

6,400 

9,600 

12,800 

16,000 

19,-200 

22,400 

25,600 

28,800 

32,200 

35,000 

32,000 

28,800 

26,600 

22,400 

19,200 

16,000 

12,800 

9,600 

6,400 

3,200 

0 

0.5338 
0.5328 
0..5322 
0..5312 
0.5303 
0.5295 
0.5287 
0..5275 
0.5265 
0.. 52.55 
0.5247 
0.5233 
0..5234 
0..5242 
0.5250 
0.. 52.57 
0.5270 
0.5277 
0..5284 
0.5297 
0.5305 
0..5313 
0.5320 

0.00000 
0.00012 
0.00020 
0.00032 
0.00044 
0.000.54 
0.00064 
0.00079 
0.00091 
0.00104 
0.00114 
0.001.31 
0.00130 
0.00120 
0.00110 
0.00101 
0.00085 
0.00076 
0.00067 
0.00051 
0.00041 
0.00031 
0.00023 

0.5960 
0.5950 
0.5939 
0.5934 
0..5925 
0..5915 
0..5909 
0..5898 
0..5885 
0..5878 
0..5870 
0.5846 
0.5855 
0.5860 
0..5869 
0.5877 
0..5888 
0.5898 
0..5914 
0..5919 
0.5926 
0..5935 
0..5945 

0.00000 
0.00013 
0.00026 
0.00033 
0.00044 
0.00056 
0.00064 
0.00078 
0.00094 
0.00103 
0.00113 
0.00142 
0.00131 
0.00125 
0.00113 
0.00103 
0.00090 
0.00077 
0.00057 
0.00051 
0.00042 
0.00031 
0.00019 

0.5939 
0.5930 
0.59-20 
0.5912 
0.5903 
0.5895 
0.5886 
0.5880 
0.5868 
0.. 58.55 
0.53.50 
0.5811 
0.5848 
0.5854 
0..5867 
0..5881 
0.5886 
0.5896 
0.5902 
0.5910 
0.5920 
0.5930 
0.5940 

0.00000 
0.00011 
0.00024 
0.00034 
0.00W5 
0.00055 
0.00066 
0.00074 
0.00089 
0.00104 
0.00111 
0.00122 
0.00114 
0.00106 
0.00090 
0.00072 
0.00066 
0.000.54 
0.00046 
0.(X)O36 
0.00024 
0.00011 
0.00000 

Specimen  5 — Extra  Soft  Steel  (see  Tables  VII.  and  IX.). 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Elastic  limit,  28,000  lb.  per  sq.  in 
Permanent  set  in  8  in.,  0.05  in. 
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1    0.0015 
1    0. 
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0. 

0.0006 
0.0010 
0.0015 

1. — Stress-deformation  curve. 

Cyclical  Loadings. 
2. — 15  min.  after  overstrain. 

3. — 2  hr.  after  oversti-ain  and  15  min.  after  steam-bath  of  45  min. 
4. — 25  hr.  after  overstrain  and  23  hr.  after  steam-bath. 
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Table  X. — Cyclical  Loading  of  Specimen  6 — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


Load, 
Lb.  Per 
Sq.  In. 

15  Minutes  After 
Overstrain. 

3  Hours  After  Overstrain, 
and  1  Hour  after  Steam- 
Bath  of  %  Hour. 

26  Hours  After 
Overstrain. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

0.6574 

0.00000 

0.6457 

0.00000 

0.6453 

0.00000 

3,200 

0.6565 

0.00011 

0.6146 

0.00014 

0.6446 

0.00009 

6,400 

0.6553 

0.00026 

0.6439 

0.00022 

0.6436 

0.00021 

9,600 

0.6547 

0.00034 

0.6430 

0.00034 

0.6428 

0.00031 

12,800 

0.6539 

0.00044 

0.6422 

0.00044 

0.6421 

0.00046 

16,000 

0.6531 

0.00054 

0.6412 

0.00056 

0.6413 

0.00050 

19,200 

0.6520 

0.00067 

0.6404 

0.00066 

0.6405 

0.00060 

22,400 

0.6510 

0.00080 

0.6397 

0.00075 

0.6395 

0.00072 

25,600 

0.6502 

0.00090 

0.6388 

0.00086 

0.6388 

0.00081 

28,800 

0.6493 

0.00101 

0.6378 

0.00098 

0.6378 

0.00094 

32,000 

0.6480 

0.00117 

0.6371 

0.00107 

0.6372 

0.00101 

35,000 

0.6460 

0.00142 

0.6361 

0.00120 

0.6363 

0.00112 

32,200 

0.6460 

0.00142 

0.6370 

0.00109 

0.6373 

0.00100 

28,800 

0.&166 

0.00135 

0.6373 

0.00105 

0.6379 

0.00092 

25,600 

0.6478 

0.00120 

0.6382 

0.00094 

0.6389 

0.00080 

22,400 

0.6486 

0.00110 

0.6390 

0.00084 

0.6396 

0.00071 

19,200 

0.6494 

0.00100 

0.6400 

0.00071 

0.6105 

0.00060 

16,000 

0.6501 

0.00091 

0.6407 

0.00062 

0.6112 

0.00051 

12,800 

0.6512 

0.00077 

0.6015 

0.00052 

0.6422 

0.00039 

9,600 

0.6522 

0.00065 

0.6423 

0.00042 

0.6429 

0.00030 

6,400 

0.6531 

0.00054 

0.6132 

0.00031 

0.6437 

0.00020 

3,200 

0.6540 

0.00042 

0.6440 

0.00021 

0.6446 

0.00009 

0 

0.6549 

0.00031 

0.6447 

0.00012 

0.6453 

0.00000 

Specimen  6 — Extra  Soft  Steel  (see  Tables  VII.  and  X.). 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Elastic  limit,  28,000  lb.  per  sq.  in. 
Permanent  set  in  8  in.,  0.05  in. 
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]. — Stress-deformation  curve. 

Cyclical  Loadings. 
2. — 15  min.  after  overstrain. 

3. — 3  hr.  after  overstrain  and  1  hr.  after  steam-bath  of  45  min. 

4.  — 26  hr.  after  overstrain  and  24  hr.  after  steam-bath. 
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Table  XI. — Cyclical  Loading  of  Specimen  7 — Mild  Steel. 

Round  rod.     Diana.,  0.63  in.    Area,  0.312  sq.  in.     Measurements  on  8-in  length. 


Load, 

Lb.  Per 

Sq.  In. 

15  Minutes  After 
Overstrain. 

2  Hours  After  Overstrain, 
and  K  Hour  after  Steam- 
Bath  of  %  Hour. 

24  Hours  After 
Overstrain. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  o 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

6,400 

12,800 

19,200 

25,600 

32,000 

34,.500 

32,000 

25,600 

19,200 

12,800 

6,400 

0 

0.4772 
0.4755 
0.4735 
0.4721 
0.4702 
0.4685 
0.4662 
0.4659 
0.4577 
0.4695 
0.4710 
0.4726 
0.4748 

0.00000 
0.00021 
0.00046 
0.00064 
0.00087 
0.00109 
0.00137 
0.00141 
0.00119 
0.00096 
0.00077 
0.00057 
0.00030 

0.4481 
0.4460 
0.4447 
0.4431 
0.4418 
0.4,396 
0.4383 
0.4388 
0.4407 
0.4423 
0.4441 
0.4455 
0.4468 

0.00000 
0.00026 
0.00042 
0.00062 
0.00079 
0.00106 
0.00122 
0.00116 
0.00092 
0.00072 
0.00050 
0.00032 
0.00016 

0.4470 
0.4452 
0.4435 
0.4416 
0.4400 
0.4385 
0.4379 
0.4384 
0.4400 
0.4415 
0.4434 
0.4450 
0.4470 

0.00000 
0.00022 
0.00044 
0.00007 
0.00087 
0.00106 
0.00114 
0.00107 
0.00087 
0.00069 
0.00045 
0.00025 
0.00000 

Specimen  7— Mild  Steel  (see  Tables  VIII.  and  XI.). 

Eound  rod.     Diam.,  0.63  in.     Area,  0.312  sq.  in.     Elastic  limit,  30,000  lb.  per 
sq.  in.     Permanent  set  in  8  in.,  0.013  in. 


1. — Stress-deformation  curve. 

Cyclical  Loadings. 
2. — 15  min.  after  overstrain. 

3. — 2  hr.  after  overstrain  and  30  min.  after  steam-bath  of  45  min. 
4. — 24  hr.  after  overstrain  and  22  hr.  after  steam-bath. 
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Table  XII. — Cyclical  Loading  of  Specimen  8 — Mild  Steel. 

Eound  rod.     Diam.,  0.63  in.    Area,  0.312  sq.  in.    Measurements  on  8-in.  length. 


15  Minutes  After 

24  Hours  After 

49  Hours  After 

119  Hours  After 

Overstrain. 

Overstrain. 

Overstrain. 

Overstrain. 
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3,200 

0.4550 

0.00000 

0.4520 

0.00000 

0.4480 

0.00000 

0.4430 

0.00000 

6,400 

0.5430 

0.00025 

0.4497 

0.00029 

0.4460 

0.00025 

0.4411 

0.00024 

12,800 

0.4513 

0.00046 

0.4482 

0.00047 

0.4442 

0.00047 

0.4392 

0.00048 

19,200 

0.4497 

0.00066 

0.44M 

0.00070 

0.4425 

0.00069 

0.4377 

0.00066 

25,600 

0.4480 

0.00087 

0.4449 

0.00a89 

0.4410 

0.00087 

0.4360 

0.00088 

32,000 

0.4459 

0.00114 

0.4430 

0.00112 

0.4392 

0.00110 

0.4344 

0.00108 

35,200 

0.4442 

0.00135 

0.4407 

0.00141 

0.4367 

0.00141 

0.4332 

0.00122 

32,000 

0.4446 

0.00130 

0.4408 

0.00140 

0.4371 

0.00136 

0.4342 

0.00110 

25,600 

0.4461 

0.00111 

0.4425 

0.00119 

0.4387 

0.00116 

0.43.58 

0.00090 

19,200 

0.4480 

0.00087 

0.4442 

0.00097 

0.4402 

0.00097 

0.4376 

0.00067 

12,800 

0.4495 

0.00069 

0.4457 

0.00079 

0.4422 

0.00072 

0.4390 

0.00050 

6,400 

0.4516 

0.00042 

0.4475 

0.000.56 

0.4437 

O.OOO&i 

0.4409 

0.00026 

0 

0.4536 

0.00017 

0.4497 

0.00029 

0.4459 

0.00026 

0.4428. 

0.00002 

Specimen  S—Mild  Steel  (see  Tables  VIII.  and  XIL). 

Round  rod.     Diam.,  0.63  in.      Area,  0.312  sq.  in.     Elastic  limit,  30,000_lb. 
per  sq.  in.     Permanent  set  in  8  in.,  0.015  in. 


1. — Stress-deformation  curve. 

Cyclical  Loadings. 
'2. — 15  min.  after  overstrain. 

o. — 24  lir.  after  overstrain  and  22  hr.  after  steam-bath  of  45  min. 
4. — 49  hr.  after  overstrain  and  47  hr.  after  steam-bath. 
5. — 119  hr.  after  overstrain  and  117  hr.  after  steam-bath. 
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Table  XIIT. —  Cyclical  Loading  of  Specimen  9 — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


15  Minutes  After 
Overstrain. 

48  Hours  After 
Overstrain,  and  47 
Hours  at  Freezing. 

2092  Hours  After 
Overstrain,  and  2091 
Hours  at  Freezing. 

2136  Hours  After 

Overstrain,  2112  at 

Freezing  and  24 

Hours  at  Moderate. 

Load, 
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II 

£S~ 
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5S- 
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Lb.  Per 

Sq.  In. 
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s 
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S 
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S 
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0 

0.5709 

0.00000 

0.5252 

0.00000 

0.5127 

0.00000 

0.4990 

0.00000 

3,200 

0..5700 

0.00011 

0.5244 

0.00010 

0.5117 

0.00012 

0.4980 

0.00012 

6,400 

0.5689 

0.00025 

0.5235 

0.00021 

0.5106 

0.00026 

0.4971 

0.00024 

9,600 

0.5682 

0.00034 

0.5227 

0.00031 

0..5097 

0.00037 

0.4967 

0.00029 

12,800 

0.5672 

0.00046 

0.5220 

0.00040 

0.5090 

0.00046 

0.49.52 

0.00047 

16,000    . 

0.5665 

0.000.55 

0.5207 

0.00056 

0.5077 

0.000(52 

0.4946 

0.00055 

19,200 

0.5658 

0.000f)4 

0-5200 

0.00065 

0.5066 

0.00076 

0.4940 

0.00062 

22,400 

0.5649 

0.00075 

0..5194 

0.00072 

0.5058 

0.00086 

0.4932 

0.00072 

25,600 

0.5638 

0.00089 

0..5184 

0.00085 

0.5046 

0.00101 

0.4914 

0.00095 

28,800 

0.5595 

0.00142 

0..5135 

0.00146 

0.4984 

0.00179 

0.4845 

0.00181 

25,600 

0..5596 

0.00141 

0.5135 

0.00146 

0.4982 

0.00181 

0.4846 

0.00180 

22,400 

0.5600 

0.001.36 

0..5143 

0.00136 

0.4890 

0.00171 

0.4853 

0.00171 

19,200 

0.5610 

0.00124 

0.5146 

0.00132 

0.4997 

0.00162 

0.4860 

0.00162 

16,000 

0.5621 

0.00110 

0.5156 

0.00120 

0.5005 

0.00152 

0.4865 

0.00156 

12,800 

0.5631 

0.00097 

0.5165 

0.00109 

0.5014 

0.00141 

0.4872 

0.00147 

9,600 

0.5639 

0.00087 

0.5172 

0.00100 

0..5023 

0.00130 

0.4886 

0.00130 

6,400 

0.5647 

0.00077 

0..5180 

0.00091 

0.5031 

0.00120 

0.4891 

0.00124 

,     3,200 

0.5659 

0.00062 

0..5189 

0.00079 

0.5042 

0.09106 

0.4899 

0.00114 

0 

0.5669 

0.000.50 

0.5202 

0.00062 

0..5050 

0.00096 

0.4911 

0.00098 

2183  Hoi 

rs  After 

2231  Hoi 

irs  After 

22.54  Hoi 

irs  After 

Overstrai 

n,  2112  at 

Overstrai 

n,  2112  at 

Overstrai 

n,  2112  at 

Freezing 

and  71  at 

Freezing 

and  119  at 

Freezing 

and  142  at 

Mode 

.rate. 

Mod 

?rate. 

Mod( 

jrate. 

0 

0.4923 

0.00000 

0.6111 

0.00000 

0.6085 

0.00000 

3,200 

0.4911 

0.00015 

0.6104 

0.00009 

0.6075 

0.00012 

6,400 

0.4901 

0.0002S 

0.6095 

0.00020 

0.6067 

0.00022 

9,600 

0.4892 

0.00039 

O.0OS5 

0.00033 

0.60.58 

0.00034 

12,800 

0.4883 

0.00050 

0.6080 

0.00039 

0.6050 

0.00044 

16,000 

0.4872 

0.00064 

0.6069 

0.000,52 

0.6045 

0.000.50 

19,200 

0.4868 

0.00069 

0.6060 

O.OOOfM 

0.6035 

0.00062 

, 

22,400 

0.48.55 

0.00085 

0.6052 

0.00074 

0.6025 

0.00075 

25,600 

0.4851 

0.00090 

0.6045 

0.00083 

0.6017 

0.00085 

28,800 

0.4835 

0.00110 

0.6029 

0.00102 

0.6002 

0.00104 

25,600 

0.4836 

0.00109 

0.6030 

0.00101 

0.6017 

0.00085 

22,400 

0.4846 

0.00096 

0.6036 

0.00094 

0.6021 

0.00080 

19,200 

0.4855 

0.00085 

0.6045 

0.00082 

0.6031 

0.00067 

16,000 

0.4863 

0.00075 

0.6054 

0.00071 

0.6040 

0.000.56 

12,800 

0.4870 

0.00066 

0.6061 

0.00062 

0.6050 

0.00044 

9,600 

0.4880 

0.000.54 

0.6070 

0.00051 

0.6059 

0.00032 

6,400 

0.4888 

0.00044 

0.6082 

0.00036 

0.6065 

0.00025 

3,200 

0.4895 

0.00035 

0.6089 

0.00028 

0.6074 

0.00014 

0 

0.4905 

0.00022 

0.6096 

0.00019 

0.6085 

0.00000 
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Table  XIV. — Stress-Deformation  Tests — Extra  Soft  Steel. 

Section  f  in.  by  2  in.     Area,  L25  sq.  in.     Measurement  on  8-in.  length. 
Specimen  9.  Specimen  10. 
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0.5946 

0.00000 

0.9733 

0.00000 

.3,200 

0.5938 

0.00010 

0.9729 

0.00005 

U,400 

0.5930 

0.00020 

0.9721 

0.00015 

9,600 

0.5921 

0.00031 

0.9708 

0.00031 

12,800 

0.5910 

0.00045 

0.9705 

0.00035 

16,000 

0.5905 

0.00051 

0.9693 

0.00050 

19,200 

0.5895 

0.00064 

0.9684 

0.00061 

22,400 

0.5882 

0.00080 

0.9670 

0.00079 

24,000 

0.5878 

0.00085 

0.9668 

0.00085 

25,600 

0.5875 

0.00089 

0.9658 

0.00094 

26,400 

0.5870 

0.00095 

Elastic  limit,  27,000  lb.  per 

No  read 

mg. 

Elastic  limit,  27,500  lb.  per 

27,200 

0.5865 

0.00101 

sq.  m. 

0.9648 

0.00106 

sq.  in. 

28,000 

0.5863 

O.0O104 

No  read 

ing. 

28,800 

0.5801 

0.00181 

0.9637 

0.00120 

29,600 

0.5757 

0.00236 

No  read 

nig. 

30,000 

0.5642 

0.00380 

No  read 

mg. 

32,000 

No  read 

ing. 

0.9532 

0.00251 

35,200 

No  read 

mg. 

Permanent  stretch  in  8  in. 

0.9174 

0.00698 

Permanent  ftretch  in  Sin. 

0 

0.5702 

0.00305 

=  8  by  0.00305  =  0.0244  in. 

0.9271 

0.00577 

=  8  by0.00577  =  0.0462  in. 

Specimen  9 — JExtra  Soft  Steel  (see  Tables  XIII.  and  XIV.). 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Elastic  limit,  27,000  lb.  per  sq.  in. 


Permanent  set  in  8  in.,  0.024  in. 


1. — Stress-deformation  curve. 

Cyclical  Loadings. 
2. — 15  min.  after  overstrain. 

3. — 48  hr.  after  overstrain,  47  hr.  at  freezing-temperature  (1  lir.  interval). 
4. — 2,092  hr.  after  overstrain,  2,091  hr.  at  freezing-temperature. 
5. — 2,136  hr.  after  overstrain,  2,111  hr.  at  freezing,  24  hr.  at  moderate  tem- 
perature. 

6. — 2,183  hr.  after  overstrain,  2,111  hr.  at  freezing,  71  hr.  at  moderate. 
7. — 2,231  hr.  after  overstrain,  2, 11 1  hr.  at  freezing,  119  hr.  at  moderate. 
8. — 2,254  hr.  after  overstrain,  2,111  hr.  at  freezing,  142  hr.  at  moderate. 
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Table  XV. —  Cyclical  Loading  of  Specimen  10 — Extra  Soft  Steel. 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 
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Specimen  10 — Extra  Soft  Steel  (see  Tables  XIV.  and  XV.). 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Elastic  limit,  27, .500  lb.  per  sq.  in. 
Permanent  set  in  8  in.,  0.046  in. 
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2. — 24  hr.  after  overstrain,  23  hr.  at  freezing-temperature  (1  lir.  interval). 
3. — 168  hr.  after  overstrain,  167  hr.  at  freezing-temperature. 
4. — 361  hr.  after  overstrain,  360  hr.  at  freezing-temperature. 
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Table  XVL — Stress-Deformation  Tests. 


Specimen  11,  round  rod.     Diam.,  0.63  in. 
Area,  0.312  sq.  in.     Mild  steel. 


Specimen  12,  f  in.  by  2  in. 
Area,  1.25  sq.  in.     Extra  soft  steel. 
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Specimen  11— Mild  Steel  (see  Tables  XVI.  and  XVII.). 

Round  rod.     Diam.,  0.63  in.      Area,  0.312  sq.  in.     Elastic  limit,  30,000  lb.  per 
sq.  in.     Permanent  set  in  8  in.,  0.02  in. 


1. — Stress-deformation  curve. 

•  Cyclical  Loadings. 

2. — 15  min.  after  overstrain. 

3. — 73  hr.  after  overstrain,  72  hr.  at  freezing-temperature  (1  hr.  interval). 
4. — 2,708  hr.  after  overstrain,  2,707  hr.  at  freezing-temperature. 
5. — 2,732  hr.  after  overstrain,  2,707  hr.  at  freezing,  24  hr.  1       j^^       moderate 
6.-2,754  hr.  after  overstrain,  2,707  hr.  at  freezing,  46  hr.    I   t^j^perature  after 
7. — 2,778  hr.  after  overstrain.  2,707  hr.  at  freezing,  70  hr.    i     ^  „      i,„fi 
8. — 2,801  hr.  after  overstrain,  2,707  hr.  at  freezing,  93  hr.  J 
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Table  XVII. — Cyclical  Loading  of  Specimen  11 — 3Iild  Steel. 
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Table  XVIII. —  Cyclical  Loading  of  Specimen  12 — Extra 
Soft  Steel. 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8in.  length. 


2135  Hours  After 

71  Hours  After 

2112  Hours  After 

Overstrain,  2111  at 

15  Minutes  Alter 

Overstraii 

.70  Hours 

Overstrain,  2111  at 

Freezing, 

24  at  Mod- 

Overstrain. 

at  Freezing. 

Freezing. 

erate  After  Steam 
Bath. 

Per 

it 

mS" 

il 

1-9 

ji 

.2^ 

O       .C 

a 

of  Micr 
Read 
hes). 

is 

O      ^ 

1— 1 

""2 

•r-(    03 

O       Si 

SS 

1^ 

-  t<  t> 

5  oj  c 

as  -^,—1 

bf)£ 

5" 

,-  t.  o 

0)  a>ti 

s 

W 

S 

w 

S 

w 

g 

w 

0 

0.5760 

0.00000 

0.4932 

0.00000 

0.4965 

0.00000 

0.5288 

0.00000 

3,200 

6,400 

9,600 

1''  800 

0:5752 

0.00010 

0.4926 

0.00007 

0.4953 

0.00015 

0.5278 

0.00012 

0.5737 

0.00029 

0.4917 

0.00019 

0.4942 

0.00029 

0.5271 

0.00021 

0.5735 

0.00031 

0.4905 

0.00034 

0.4935 

0.00038 

0.5262 

0.00032 

0.5727 

0.00041 

0.4896 

0.00045 

0.4924 

0.00051 

0.5257 

0.00039 

16,000 
19  200 

0.5715 

0.00056 

0.4889 

0.00054 

0.4914 

0.00064 

0.5246 

0.00052 

0.5709 

0.00064 

0.4875 

0.00071 

0.4905 

0.00075 

0.5238 

0.00062 

2'^  400 

0.5700 

0.00075 

0.4867 

0.00081 

0.4891 

0.00092 

0.5232 

0.00070 

25,600 
28,800 
32  000 

0.5690 

0.00087 

0.4855 

0.00096 

0.4885 

0.00100 

0.5217 

0.00089 

0.5681 

0.00099 

0.4844 

0.00110 

0.4877 

0.00110 

0.5214 

0.00092 

0.5659 

0.00126 

0.4821 

0.00140 

0.4868 

0.00121 

0.5207 

0.00101 

28,800 
25,600 
22  400 

0.5660 

0.00125 

0.4827 

0.00131 

0.4874 

0.00114 

0.5212 

0.00095 

0.5674 

0.00107 

0.4836 

0.00120 

0.4884 

0.00101 

0.5225 

0.00079 

0.5682 

0.00097 

0.4845 

0.00109 

0.4886 

0.00099 

0.5231 

0.00071 

19 ''00 

0.5692 

0.00085 

0.4855 

0.00096 

0.4895 

0.00087 

0.5237 

0.00064 

16,000 
1''  800 

0.5698 

0.00077 

0.4862 

0.00087 

0.4902 

0.00079 

0.5245 

0.00054 

0.5705 

0.00069 

0.4874 

0.00072 

0.4914 

0.00064 

0.5256 

0.00040 

9,600 

6,400 

3,200 

0 

0.5717 

0.00054 

0.4884 

0.00060 

0.4925 

0.00050 

0.5260 

0.00035 

0.5726 

0.00042 

0.4895 

0.00046 

0.4933 

0.00040 

0.5270 

0.00022 

0.5739 

0.00026 

0.4902 

0.00037 

0.4934 

0.00039 

0.5277 

0.00014 

0.5741 

0.00024 

0.4913 

0.00024 

0.4950 

0.00019 

0.5287 

0.00001 

Specimen  12— Extra  Soft  Steel  (see  Tables  XVI.  and  XVIIL). 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Elastic  limit,  28,500  lb.  per  sq.  in. 
Permanent  set  in  8  in.,  0.047  in. 
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1. — Stress-deformation  curve. 

Cyclical  Loadings. 
2. — 15  min.  after  overstrain. 

3.— 71  hr.  after  overstrain,  70  hr.  at  freezing-temperature  (1  lir.  interval). 
4. — 2,112  hr.  after  overstrain,  2,111  hr.  at  freezing-temperature. 
5.-2,135  hr.  after  overstrain,  2,111  hr.  at  freezing-temperature,  and  23  hr. 
after  steam-bath. 


AVASHOE    PLANT    OF    THE    ANACONDA    COPPER-MINING    CO.       431 
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I.  Introduction. 

The  Washoe  plant/  in  Anaconda,  Mont.,  together  with  the 
local  street-railroad,  ranches,  a  foundry  and  machine-shop,  a 

'   Trans.,  xxxiv.,  265. 
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brick-plant  and  the  Montana  Hotel,  form  a  property  under  one 
management;  to  which  should  be  added  the  mines  in  Butte 
owned  by  the  company,  from  which  part  of  the  ore-supply  of  the 
plant  comes.  The  Anaconda  Copper-Mining  Co.,  controlled  by 
the  Amalgamated  Copper  Co.,  was  re-organized  under  the  laws 
of  Montana  in  1893.  A  map  of  the  plant,  showing  the  numer- 
ous departments  and  illustrating  the  details  of  tracks,  pipe- 
lines, and  charging-stations  for  compressed-air  locomotives,  is 

given  in  Fig.  1, 

II.  Organization. 

Apart  from  the  general  organization  of  the  Anaconda  Cop- 
per-Mining Co.,  already  mentioned,  the  plant  and  accessories 
are  under  charge  of  the  local  manager,  Mr.  E.  P.  Mathewson. 
This  is  the  largest  non-ferrous  metallurgical  plant  in  the  world, 
and  illustrates,  under  the  given  conditions,  the  natural  develop- 
ment resulting  from  the  necessity  of  a  complex  organization. 

With  many  smaller  metallurgical  plants  the  organization  has 
generally  been  arranged  so  that  the  business  manager  gives  his 
whole  attention  to  business  details,  while  the  superintendent  at- 
tends to  the  technical  matters.  With  the  Anaconda  Copper- 
Mining  Co.,  however,  a  technical  man  was  chosen  to  attend  to 
business  details  also ;  the  wisdom  of  this  arrangement  has 
often  shown  itself,  since,  in  this  particular  case,  the  mastery  of 
business  detail  has  been  as  satisfactory  as  when  performed  by 
one  who  had  always  confined  his  attention  to  business  only. 
Moreover,  a  comprehensive  view  of  the  whole  process  by  a 
master  of  technical  detail  has  proved  equally  gratifying.  For 
example,  the  50-ft.  reverberatory  furnaces  of  three  years  ago 
were  successively  increased  in  length  to  65,  85  and  102  ft.,  since 
it  was  not  known  what  length  of  furnace  could  be  used.  To 
make  these  changes  required  the  expenditure  of  |120,000  (all  of 
which  was  recovered  out  of  the  economies  attained  during  the 
course  of  the  experimenting),  and  success  required  a  complete 
knowledge  of  the  technical  side  of  the  problem,  as  well  as  a 
clear  idea  of  what  the  finances  of  the  company  would  permit. 
Again,  in  increasing  the  length  of  the  blast-furnaces  at  one 
time  from  15  to  51  ft.,  it  was  necessary  to  know  whether  it. 
was  possible  to  remove  a  jacket  while  the  blast  was  on,  and  to 
cut  out  or  to  repair  one  part  of  the  furnace  while  the  rest  was 
in  operation.     At  the  time  the  change  was  made  copper  was 
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selling  at  a  pnofitable  figure,  and  it  would  not  do  to  shut  down 
in  order  to  make  changes.  It  was  therefore  necessary  to  make 
the  change  with  practically  no  delay  in  running.  With  such 
considerations  on  the  financial  side,  the  manager  knew  he  must 
advance  only  along  lines  involving  no  delay  ;  had  he  to  do  with 
the  technical  side  alone,  he  might  have  put  up  with  the  appar- 
ent necessity  of  shutting  down  so  as  to  make  the  improvement. 


Fig.  1. — Plan  of  the  Washoe  Plant  of  the  Anaconda  Copper-Mining 
Co.,  Anaconda,  Mont. 

In  order  that  the  manager  might  give  the  closest  attention  to 
technical  questions,  an  assistant  superintendent  was  appointed 
to  advise  with  him  and  with  the  heads  of  departments,  and  to 
take  his  place  during  his  necessary  absences. 

The  difi:erent  departments  about  the  works  are  under  charge 
of  foremen  or  superintendents,  who  are  specialists  in  their  lines 
of  work,  and  who  work  in  harmony  with  one  another.     There 
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are  superintendents  for  the  concentrating-mill,»  sampling-de- 
partments, power-houses,  blast-furnaces,  converters  and  the  ar- 
senic-plant ;  also  chief  foremen  for  the  reverberatories,  the 
roasters,  the  briquetting-plant  and  the  slime-ponds.  In  addi- 
tion, there  is  a  general  foreman  of  the  works,  who  has  full 
charge  and  authority  in  the  absence  of  the  superintendents  of 
the  departments.  The  8-hr.  system,  in  use  at  Anaconda,  re- 
quires that  there  shall  be  three  shifts  daily,  so  that  the  general 
foreman  is  relieved  by  two  foremen  who  assume  his  duties  on 
the  other  shifts  and  who  relieve  each  other  on  the  afternoon 
and  night  shifts  every  two  weeks,  while  the  general  foreman 
always  keeps  the  morning  or  day  shift.  The  departments  hav- 
ing superintendents  also  have  foremen,  a  head-foreman  hold- 
ing the  morning  shift,  and  two  reliefs  alternating  on  the  other 
two  shifts.  The  chief,  or  morning  foreman,  has  the  larger 
measure  of  authority  and  of  responsibility.  Thus,  at  no  time 
is  any  department  left  uncontrolled,  since  the  foremen  relieve 
one  another,  and,  as  an  additional  precaution,  the  general  fore- 
man attends  not  only  to  the  general  supervision  of  the  plant  but 
also  to  those  matters  belonging  to  no  particular  department. 
Repairs  and  general  construction  are  under  supervision  of  the 
mechanical  superintendent  with  an  assistant  and  a  head-mason. 
The  complex  handling  of  materials  is  in  charge  of  a  master  of 
transportation.  For  experimental  and  control  work  there  is  an 
engineer  of  tests.  A  chief  chemist  reports  all  assays  and  de- 
terminations. The  accounting  is  supervised  by  a  chief  clerk, 
and  the  purchasing  of  supplies,  both  for  mine  and  works,  is  in 
charge  of  a  purchasing-agent. 

III.  Production. 
The  various  improvements  in  the  Washoe  plant  have  resulted 
in  a  largely  increased  production  in  1905  above  that  of  the 
preceding  year.  In  1904  there  was  treated  daily  5,500  tons  of 
smelting-  and  concentrating-ore,  yielding  an  output  of  350,000 
lb.  copper.  In  1905  the  plant  handled  7,000  tons  of  ore  daily, 
the  resultant  output  of  copper  being  500,000  lb.  The  fol- 
lowing was  the  average  monthly  output  in  1905  :  Copper, 
15,000,000  lb.,  @  18.53c.  per  lb.,  $2,780,000;  gold,  |95,000; 
silver,  $432,000 ;  total,  $3,307,000.^ 

*  Anaconda  Standard,  December  25,  1905  (corrected). 
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The  monthly  pay-roll  during  1905  amounted  to  $215,000. 
The  average  number  of  men  employed  in  all  departments  at 
Anaconda  was  2,450.  The  following  data  of  daily  operations 
may  be  of  interest :  Ore  treated,  7,000  tons  ;  coal  consumed, 
600  tons ;  coke  consumed,  400  tons ;  lime-rock  used,  1,600  tons ; 
flue-dust  produced,  190  tons;  slag  and  tailings  produced,  9,000 
tons;  yield  of  copper,  500,000  lb. 

IV.  Transportation.^ 

About  11,700  tons  of  ores,  lime-rock,  coke  and  coal  are  brought 
in  daily  by  railroad-cars,  the  switching  being  done  on  tracks  of 
the  Butte,  Anaconda  &  Pacific  railroad.  The  ores  and  lime- 
rock  come  in  50-ton  hopper-bottom  cars,  the  coke  in  box-car8,and 
the  coal  in  hopper-bottom  or  gondola  cars.  Deliveries  of  ores 
and  limestone  are  made  to  bins  or  pockets,  having  outlet-chutes 
for  drawing  off  the  ore.  Counting  rehandled  materials  twice, 
more  than  13,000  tons  are  handled  about  the  works  by  means 
of  13  compressed-air  locomotives,  12  weighing  13  tons  each, 
and  one,  21  tons.  Each  locomotive  carries  two  storage-tanks 
for  its  air-supply,  the  air  being  taken  from  a  pressure-system  of 
pipes  laid  conveniently  to  the  tracks,  and  having  stations  at 
which  the  locomotive  stops  to  get  its  air-supply.  This  supply 
is  carried  at  from  800  to  900  lb.  per  sq.  in.  A  reducing-valve 
between  the  storage-tanks  and  the  cylinder  reduces  the  pres- 
sure to  150  lb.  A  fresh  supply  of  air  is  taken  at  times  rang- 
ing from  20  to  60  minutes.  For  this  particular  service,  where 
the  distances  run  are  short,  and  where  the  cars  are  frequently 
stopped  and  started,  the  compressed-air  locomotives  have  been 
most  satisfactory,  for  convenience,  reliability  and  simplicity  of 
operation.  They  have  been  in  constant  service  since  1900,  and 
have  needed  only  the  natural  running-repairs.  They  are  op- 
erated over  tracks  aggregating  48  miles  in  length,  which  are 
distributed  over  the  side-hill  location  of  the  works,  about  half  a 
mile  square.  "Were  electric  locomotives  used,  the  overhead 
trolley-system  would  be  a  most  complicated  one.  Moreover,  the 
present  locomotives  have  been  able  to  stand  the  hardest  and 
roughest  usage  wit?i  but  little  injury.  Under  like  conditions, 
one  could  be  assured  that  electric  locomotives  would  have  had 

'  Cassier's  Magazine,  vol.  xxviii. ,  pp.  466  to  478  (1905). 
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coils  burned  out,  short-circuiting,  and  other  troubles,  apart 
from  the  danger  arising  from  the  wires  themselves.  The  work 
must  be  done  at  all  hours  of  the  day  and  night,  under  the  most 
varied  weather  conditions,  and  often  surrounded  by  fumes  of 
sulphur  and  dust.  Endless  spotting  and  shifting  has  to  be  done 
in  order  to  weigh,  load  and  unload  the  material  handled.  For 
example,  in  the  case  of  the  locomotive  hauling  the  matte-ladles, 
they  must  be  spotted  for  weighing  three  times  on  each  round 
trip,  in  addition  to  three  other  stops,  two  for  loading  and  unload- 
ing, and  one  to  set  the  ladle  on  a  side-track  for  cleaning.  In  the 
case  of  the  18-charge  car-trains,  each  car  of  2.5  tons  capacity, 
the  five  ingredients  of  the  charge  must  be  weighed  separately, 
and  each  two  cars  must  be  spotted  to  receive  the  ore  from  the 
chutes,  and  weighed  for  each  ingredient.  Each  train  must  be 
moved  and  set  eight  or  ten  times  while  unloading.  If  steam- 
locomotives  had  been  used,  the  smoke  and  steam  in  the  build- 
ings and  under  the  bins  would  have  interfered  seriously  with 
the  signaling  to  the  engine-runner. 

The  pipe-system,  which  serves  to  supply  air  to  the  various 
stations  for  the  use  of  the  locomotives,  is  composed  of  pipes 
varying  from  6  in.  to  2  in.  in  size.  Even  at  the  high  pressure 
of  from  800  to  900  lb.  per  sq.  in.,  it  has  developed  practically 
no  leaks.  The  air  is  furnished  by  two  4-stage  air-compressors, 
having  cross-compound  steam-cylinders  equipped  with  Corliss 
valve-gear.  The  compressors  are  equipped  with  automatic  regu- 
lators to  insure  constant  high-pressure  air. 

V.  Sampling. 

The  sampling-mill,  furnished  with  two  Brunton  automatic 
sampling-machines,  is  used  principally  for  sampling  the  concen- 
trating and  first-class  or  smelting-ore  from  the  mines  of  the 
company  and  from  others  afllliated  with  the  Amalgamated 
Copper  Co. 

Of  the  concentrating-ore,  every  fifth  car  is  reserved  for  regu- 
lar sampling,  while  all  the  smelting-ore  is  sampled,  and  the 
finer  portion,  under  f  in.  in  size,  is  screened  out  as  first-class 
fines,  to  be  made,  together  with  other  ingredients,  into  bri- 
quettes. 

The  mill  adjoins  a  high-level  track,  by  which  ore  is  brought 
to  discharge  into  hopper-bottomed  steel-lined  bins,  from  which 
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the  mill  supply  is  taken.  Fig.  2  shows,  diagrammatically,  the 
course  of  the  ore  through  the  mill,  and  from  it,  it  will  be  noticed 
that  four  cuts  are  taken  out  by  four  automatic  sampling-ma- 
chines, the  ore  being  crushed  finer  after  each  cut,  and  before 
the  new  cut  is  taken  out.  In  the  figure,  the  rejected  portion 
of  the  ore  is  represented  as  being  delivered  to  a  car  upon  the 


1st  Cut  400  in  20001b. 

Coarse  Rolls 
2nd  Cut  80  in  400  lb. 

Fine  Roils 
3rd  Cut  10  in  80  lb. 


Car 


a — a 

\    Receiving 
\.      Bin 


Crusher 


^<^20in.  by  10  in 


(~Y~^  Sample  Rolls 
^    4th  Cut  3.2  in  10  lb. 
Sample  to  finish 


\o> 


\  Delivery- 


Car 


0 — a 

Fig.  2. — Flow-Sheet  at  Automatic  Sampling-Mili,. 

low-level  track  adjoining  the  mill.  As  a  matter  of  fact,  this 
portion  is  raised  by  elevator  to  trommels,  in  order  to  remove 
the  fines.  In  consequence,  a  ton  of  2,000  lb.  is  represented 
by  3.2  lb.,  or  one  625th  of  the  original  portion  taken.  Thus, 
in  a  500-ton  lot  there  would  remain  1,600  lb.  of  a  sample. 
The  portion  so  obtained  is  mixed  in  a  pile  and  quartered  down 
by  means  of  a  Brunton  quartering-shovel.  The  reduced  sam- 
voL.  XXXVII. — 28 
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pie  is  ground  through  a  sampling-grinder  of  the  Leadville- 
Engelbach  type,  after  which  it  is  mixed,  and  further  reduced 
by  riffles.  The  grinding-plate,  Fig.  3,  upon  which  the  pulp 
is  ground  to  pass  an  80-  to  100-mesh  screen,  has  three  raised 
sides  and  rounded  corners.  The  muller  used  in  the  sampling- 
room  is  shown  in  Fig.  4. 


'^]  ~ ' 


-i-^4i^ 


;>•* 


<1% 


-H  1-^ 


FiG.  3. — Grinding-Plate  for  Finishing  Ore-Samples. 


Samples  of  all  metallurgical  products  about  the  works  are 
handled  at  the  laboratory  sampling-plant — a  sampling-mill 
situated  centrally  of  the  works.  About  9,000  samples  monthly 
are  taken  at  different  stages  of  operations,  and  include  ore, 
concentrates,  tailings,  calcines,  slag,  matte,  flue-dust,  converter- 
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copper  and  anodes.  A  control  of  all  the  metallurgical  work  is 
thus  obtained,  and,  when  combined  with  the  systematic  weigh- 
ing of  all  charges,  insures  a  complete  control  of  the  operations 

i 


Fig.  4. — Muller  fok  Grinding  Ore-Samples. 


and  the  detection  and  knowledge  of  all  losses.  Many  of  the 
samples  taken  are  small  "  grab  "  samples,  as  well  as  those  taken 
systematically.  Consequently,  the  machinery  is  simple,  the 
grinding  being  done  in  sample-grinders  and  finished  on  buck- 
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ing-plates.  The  samples  are  dried  out,  either  upon  a  steam- 
bath,  4  ft.  by  12  ft.  in  area,  or  in  a  steam-closet,  where  they  are 
placed  in  pans  between  racks  of  steam-coils.  As  fast  as  they 
are  finished,  the  rejected  portions  of  samples  are  sent  to  an  ele- 
vated bin  for  eventual  return  to  the  works. 

VI.   Concentration. 

The  concentrating-plant,  elsewhere  described  by  Mr.  M. 
Schwerin,^  has  a  side-hill  or  terrace  location,  and  adjoins  the 
high-level  track  and  storage-bins,  from  w^hich  it  draws  its  supply 
of  ore.  It  consists  of  two  mills,  with  a  power-house  between. 
Each  mill  has  four  sections,  so  there  are  eight  in  all.  The  ca- 
pacity of  a  section  may  be  given  at  1,000  tons  per  day  of  24 
hr.,  and  it  may  be  estimated  that  7.5  sections  are  constantly 
running,  or  that  one  section  is  down  half  of  the  time  for  re- 
pairs or  adjustments.  This  would  give  a  daily  capacity,  when 
the  ore  supply  is  sufficient,  of  7,500  tons.  A  maximum  output 
of  8,250  tons,  however,  has  been  attained.  There  is  a  large 
power-  and  boiler-plant  between  the  two  halves  of  the  concen- 
trator building,  but  much  of  this  installation  will  be  thrown 
out  of  use  when  the  company  obtains  its  power  by  electric  in- 
stallation from  the  plant  of  Montana  Water  E.  P.  Co.,  22  miles 
distant,  and  the  Missouri  River  Power  Co.,  near  Helena,  75 
miles  away. 

To  supply  the  eight  units,  already  specified,  there  are  eight 
storage-bins,  each  of  1,200  tons  capacity.  These  bins  have  flat 
bottoms,  the  ore  forming  its  own  slope  in  them,  so  that  the 
wear  of  the  bin  is  slight. 

The  following  outline  describes  the  flow  of  the  ore  through 
one  section  of  the  mill : 

(1)  Hopper-bottomed  cars  of  50  tons  capacity  to  (2). 

(2)  Storage-  or  supply-bin  of  1,200  tons  to  (3). 

(3)  Shaking  feed-trough,  having  a  screen-bottom  of  1.25-in. 
round  holes,  oversize  to  (4),  undersize  to  (7). 

(4)  Coarse  crusher,  12  in.  by  24  in.,  to  (5). 

(5)  Two  trommels,  each  36  in.  in  diameter  by  5  ft.  long,  and 
having  1.25-in.  round  holes,  oversize  to  (6),  undersize  to  (7). 

(6)  Two  crushers,  each  5  by  15  in.,  to  (7). 

*  Engineeriny  and  Mining  Journal,  vol.  Ixxvi.,  p.  388  (Sept.  12,  1903). 
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(7)  Two  elevators,  having  15-in.  belt,  buckets  7  by  14  in., 
speed  per  min.  450  in.,  to  (8). 

(8)  Two  trommels,  36  in.  in  diameter  by  6  ft.  long,  and  hav- 
ing |-in.  round  holes,  oversize  to  (9),  undersize  to  (13). 

(9)  Two  2-compartment  Harz  jigs  on  1.25-in.  feed,  concen- 
trates to  (12),  middlings  to  (10),  through  (15),  (8)  and  (13), 
hutch  product  to  (14). 

(10)  Four  Harz  jigs. 

(11)  One  coarse  roll,  42  by  15  in.,  1,147  ft.  peripheral  speed, 
to  (13),  through  (8). 

(12)  Coarse-concentrates  bin,  concentrates  to  blast-furnace 
in  hopper-bottom  cars. 

(13)  Two  7-mm.  trommels,  36  in.  in  diameter  by  8  ft.  long, 
oversize  to  (10),  undersize  to  (16). 

(14)  Twelve  2-compartnient  Evans  jigs  on  7-mni.  feed,  size 
of  screen  24  by  41  in.,  concentrates  to  (32),  middlings  to  (35), 
hutch  product  to  (32). 

(15).  One  fine  roll,  42  by  15  in.,  1,147  ft.  peripheral  speed,  to 
(16),  through  (8)  and  (13). 

(16)  Four  5-mm.  trommels,  36  in.  in  diameter  by  6  ft.  long, 
making  20  rev.  per  min.,  oversize  to  (14),  undersize  to  (18). 

(17)  Twelve  2-compartraent  Evans  jigs,  5-mm.  feed,  concen- 
trates to  (32),  middlings  to  (35). 

(18)  Four  2. 5-mm.  trommels,  36  in.  in  diameter  by  7.5  ft. 
long,  oversize  to  (17),  undersize  to  (19). 

(19)  Twelve  2. 5-mm.  Evans  jigs,  concentrates  to  (32),  mid- 
dlings to  (35). 

(20)  One  middlings-roll,  42  by  15  in.,  to  (21). 

(21)  Four  1.5-  by  12-mm.  diagonal-slot  trommels,  36  in.  in 
diameter  by  6  ft.  long,  oversize  to  (20),  undersize  to  (22). 

(22)  Four  3-spigot  separators,  spigot-product  to  (23),  over- 
flow to  (26). 

(23)  Eighteen  3-compartment  middling-jigs,  1.5-mm.  feed, 
concentrates  to  (32),  middlings  to  (24),  tailings  to  dump. 

(24)  Three  6-ft.  Huntington  mills,  53  rev.  per  min,,  62  tons 
capacity,  grinding  to  pass  a  1-  by  12-mm.  slot-screen,  to  (25). 

(25)  Eighteen  3-compartment  Huntington  mill  finishing-jigs, 
1-mm.  feed,  concentrates  to  (32),  middlings  to  (24),  tailings  to 
dump. 

(26)  Sixteen  settling-tanks,  5  ft.  wide  by  4  ft.  deep  by  18  ft. 
long,  spigot-product  to  (27),  overflow  to  (28). 
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(27)  Eighteen  Wilfley  tables,  concentrates  to  (32),  tailings 
to  dump,  slime  to  (29),  middlings  to  (34). 

(28)  Slime-ponds  situated  below  the  reduction-works. 

(29)  One  large  tank,  spigot-product  to  one  Wilfley  table, 
(30),  overflow  to  (28). 

(30)  One  Wilfley  table,  concentrates  to  (32),  tailings  to 
dump. 

(31)  Elevator  to  (32) 

(32)  Settling-tanks,  concentrates  to  roasting-furnaces,  over- 
flow to  (28). 

(33)  Eighteen  "Wilfley  tables,  concentrates  to  (32),  tailings 
to  dump,  slime  to  (28). 

(34)  Eight  tanks,  spigot-product  to  (33),  slime  to  (28). 

It  will  be  noticed,  in  this  scheme  of  separation,  that  no  prod- 
uct of  the  coarse  jigs  is  allowed  to  go  to  waste,  but  that  all  the 
portion  going  over  the  tail-boards  of  these  jigs  is  re-crushed 
and  sized  for  further  jigging.  No  tailings  go  to  waste  larger 
than  1.5  mm.  Screening  by  trommels  is  carried  as  far  as  prac- 
ticable, after  which  the  spigot-products  of  classifiers  are  used 
on  the  fine  jigs.  Settling-tanks  are  used  for  unwatering,  and 
for  classifying  the  unwatered  product.  All  fine  concentrates 
from  the  fine  jigs  and  from  the  Wilfley  tables  pass  to  an  ex- 
tended series  of  boxes  in  which  the  concentrates  settle  out, 
while  the  supernatant  water  slowly  passes  through  the  boxes, 
dropping  most  of  its  load,  the  settled  product  being  drawn  oft" 
at  the  bottom  of  the  boxes  through  water-tight  gates  or  valves. 
The  final  muddy  water,  however,  is  carried  half  a  mile  by 
launders  to  the  slime-ponds,  elsewhere  described.  The  coarse 
concentrates  go  to  a  set  of  hopper-bottom  bins,  from  which  they 
are  drawn  ofi"  to  cars,  and  carried  to  the  storage-bins  at  the 
blast-furnaces. 

The  concentrating-ore  is  practically  chalcocite,  enargite  and 
pyrite  in  a  quartz  and  aluminous  gangue. 

VII.  Blast-Furnace  Plant. 

1.  ConstrudioJi. — The  blast-furnace  building  formerly  con- 
tained seven  furnaces,  each  56-  by  180-in.  area  at  the  tuyeres. 
These  were  arranged  with  their  longer  axes  parallel  to  the 
length  of  the  building,  for  convenience  of  charging  by  means 
of  track  charge-cars.      A  new  furnace  was  made  by  joining 
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furnaces  Nos.  1  and  2  and  including  the  21-ft.  space  between 
them,  which  gave  a  furnace  51  ft.  long,  and  of  the  original 
width  of  56  in.,  as  shown  in  Fig.  5.  In  a  similar  manner  fur- 
naces Nos.  3  and  4,  and  Nos.  5  and  6  were  united ;  at  present 
there  are  three  large-sized  furnaces,  each  51  ft.  long,  and  one 
furnace,  180  in.,  or  15  ft.  long.  At  the  slag-floor  level  are 
seven  fore-hearths,  or  settlers,  as  arranged  for  the  original  fur- 
naces, which  serve  equally  well  for  the  enlarged  furnaces,  there 
being  two  fore-hearths  for  each.  A  matte-track,  at  a  lower  level, 
serves  to  bring  in  the  matte-ladles,  into  which  the  matte  of  the 
fore-hearths  is  tapped.  Fig.  6  illustrates  a  cross-section  of  the 
enlarged  furnace,  and  Fig.  7  a  cross-section  of  the  building. 
Views  of  the  interior  of  the  blast-furnace  from  the  levels  of  the 
feed-floor  and  the  hearth  are  given  in  Figs.  8  and  9.  The 
large  blast-furnaces,  56-  by  612-in.  tuyere-dimensions,  have 
side-boshes  of  8  in.,  making  the  width  at  the  throat  6  ft. 
There  is  no  end-bosh.  There  are  two  tiers  of  jackets,  each  7 
ft.  5.  in.  high.  In  either  row,  and  on  eit4ier  side,  the  three 
central  jackets  are  7  ft.  wide  each,  and  the  four  remaining 
ones  are  7  ft.  6  in.  each,  making  thus  the  total  length  of  51 
ft.  The  concrete  foundation  is  surmounted  by  the  two  origi- 
nal crucibles,  to  which  was  added  the  connecting  bridge,  the 
latter  formed  of  water-cooled  plates  supported  by  short  jack- 
screws,  as  shown  in  Fig.  5.  The  crucibles,  or  sumps,  as  they 
may  be  aptly  called,  slope  to  the  tap-hole.  The  bridge  portion 
has  a  hearth  sloping  either  way  from  the  center  to  the  crucibles. 
Thus  the  total  drainage  gravitates  to  either  tap-hole.  It  may 
happen  that  the  hearth  becomes  obstructed  so  as  to  throw  more 
of  the  flow  to  one  of  the  crucibles  and  less  to  the  other.  Such  a, 
result,  however,  need  not  interfere  with  the  effective  operation 
of  the  fore-hearths.  Both  crucible  and  hearth  are  made  of  silica 
brick,  which  has  been  found  to  be  very  enduring  with  the  40- 
per  cent,  silica  slag  here  produced. 

Above  the  upper  tier  of  jackets  comes  the  heavy  mantel- 
plate,  2  ft.  3  in.  high,  having  a  sloping  front,  and  surmounted 
by  the  apron  or  receiving-plates,  21  in.  high,  with  a  slope  of 
45°,  both  together  making  a  hopper  upon  which  the  charge 
slides  down,  tending  to  keep  the  finer  portion  closer  to  the 
walls,  and  the  coarser  material  at  the  center  of  the  furnace,, 
all  of  which  helps  to  promote  regular  working. 
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The  furnace  has  a  closed  top,  the  fumes  heing  carried  off  b}^ 
three  down-takes  to  the  large  dust-chamber  adjoining  the  blast- 
furnace building.    There  are  46  tuyeres  at  the  back,  and  42  at 

I 


Half  Longitudinal  Sectional  Elevatioix 

Fig.  5. — Section  and  Elevation  of 


the  front  side  of  the  furnace,  or  88  in  all,  set  at  14-in.  centers. 
The  space  supplementing  the  lesser  number  of  tuyeres  at  the 
front  is  utilized  to  make  room  for  the  two  slag-spouts.  It  is 
customary  to  plug,  or  leave  off,  the  four  tuyeres  nearest  the 
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ends  of  the  furnace,  as  this  is  found  somewhat  to  prevent  accre- 
tions, so  that,  practically,  only  84  tuyeres  are  used.  The  omis- 
sion of  the  two  tuyeres  over  the   spouts  does  not  appear  to 


I 


Horizontal 
down-takes' 


] 


^^ 


Hall  Longitudinal  Elevation. 
THE  56-  BY  612-Iisr.  Blast-Furnace. 


interfere  with  the  proper  operation  of  the  furnace  at  this  point, 
all  of  which  indicates  irregular  working  of  tuyeres.  Where  it 
has  been  undertaken  to  cut  out  every  alternate  tuyere  the  furnace 
has  not  worked  so  well.      This,  indeed,  may  be  due  to  the  fact 
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that  some  of  the  tuyeres  cut  out  were  in  good  working  posi- 
tion, or,  rather,  that  the  more   frequent  tuyeres  mean  more 


p^^^i^^sj^^^^^^^^^^m^m?^^^^^^^ 


Fig.  6. — Transverse  Sectional  Elevatjun  of  56-  by  612-In.  Blast- 
furnace. 

chances  of  getting  air   into  the    furnace.      The    tuyeres   are 
punched  several  times  on  a  shift,  and  it  can  hardly  be  sup- 
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posed  that  all  the  air  enters  the  furnace  by  the  small  1-in.  hole 
thus  formed.  No  doubt  a  good  deal  gets  in  between  the  jacket 


Fig.  7.— Cross-Section  of  Furnace  Building  and  Elevation  op 
56-  BY  612-In.  Blast-Furnace, 

and  the  crust,  eventually  finding  its  way  by  devious  passages 
(those  of  the  least  resistance)  to  the  interior  of  the  furnace." 

The  bustle-pipe  extends  completely  around  the  furnace,  with 
two  branches  from  the  blast-main,  each  with  its  own  shut-oft* 
gate,  so  that,  to  shut  down  the  furnace,  two  valves  must  be 
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closed.  The  tujere-pipes  are  5  in.  in  diameter;  the  tuyeres 
being  bolted  to  the  jacket  for  easy  removal  in  case  of  neces- 
sity. The  connection  to  the  blast-pipe  is  made  by  a  galvanized 
iron  sleeve,  with  a  ring-clamp  to  make  the  joint  tight.  The 
fore-hearths,  or  settlers,  of  the  former  smaller  furnaces,  serve 
equally  well  for  the  large  ones.  They  are  16  ft.  in  diameter  and 
5  ft.  high,  the  matte-tap  being  3  ft.  below  the  top  of  the  fore- 
hearth.  The  slag  enters  on  the  side  adjoining  the  furnace,  and 
flows  out  on  the  opposite  or  front  side.  Experiments  at  Great 
Falls  show  the  best  point  of  outflow  to  be  opposite  the  point 
of  entrance.  The  discharging  slag  flows  down  a  steeply-in- 
clined spout,  which  delivers  it  opposite  a  6-in.,  flattened  water- 
jet  situated  just  below  the  floor.  This  is  supplied  by  jacket 
and  other  water.  Besides  this,  there  is  a  flow  of  water  from 
the  encircling  cooling-pipe  of  the  fore-hearth,  which  con- 
tributes to  the  stream  that  sweeps  away  the  granulated  slag 
through  a  semicircular  cast-iron  lined  launder,  and  conveys  it 
to  the  dumping-point  on  the  flats  below  the  works. 

The  exterior  of  the  furnace,  having  so  long  a  side-wall,  is 
braced  and  prevented  from  bulging  by  ties,  carried  around  the 
furnace  both  at  the  level  of  the  top  of  the  lower  jacket,  and 
also  under  the  floor.  The  horizontal  pull  of  this  bracing  at 
the  corner  posts  of  the  furnace  is  resisted  by  inclined  ties  at- 
tached to  the  floor  above  at  adjoining  corner  posts,  as  shown  on 
Fig.  7.  It  will  be  noticed  that,  between  the  three  panels  form- 
ing the  length  of  the  furnace,  the  jackets  are  supported  by 
I-beams  of  the  length  of  the  panel  (22  ft.).  Two  sets  of  the 
I-beams  are  to  resist  outward  pressure  of  the  jackets,  the  up- 
per and  heavier  set  to  hold  up  the  upper  jackets  when  the 
lower  ones  have,  for  any  reason,  been  removed.  Two  of  the 
outlet,  or  down-take,  flues  (soon  to  be  changed  to  resemble  the 
central  one)  are  of  steel,  lined  with  brick,  and  have  hopper- 
bottoms  for  the  removal  of  the  flue-dust.  The  third,  or  central 
down-take,  has  an  upward  and  then  a  downward  slope,  having 
a  pitch  so  steep  that  no  flue-dust  can  rest  upon  it.  Flue-dust, 
on  the  upward-sloping  flue,  slides  back  to  the  furnace;  on  the 
downward-sloping  side  it  goes  to  the  dust-chamber. 

The  dust-chamber,  40  ft.  wide  and  280  ft.  long,  is  provided 
with  sheet-steel  pyramidal  hoppers,  by  which  the  flue-dust  is 
conveniently  drawn  off  to  the  charge-cars  when  they  are  run  in 
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below.     This  chamber,  20  ft.  high,  atfords  a  liberal  space  for 
the  settlins:  of  the  flue-dust.     It  is  connected  to  the  stack  by 


Fig.  8. — Interior  of  Blast-Furnace  at  Feed- Floor  Level. 


means  of  a  flue  of  20  ft.  by  15  i>.,  or  300  sq.  ft.  area  ot  cross- 
section. 
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2.   Operation. — The  furnace  is  charged  through  seven  doors 
on  each  of  the  long  sides,  giving  access  to  the  entire  length. 


Fig.  9. — Interior  of  Blast-Furnace  at  Hearth-Level. 

It  also  has  end  doors  for  barring-out.  The  charge  is  brought 
in  by  a  train  of  18  cars  at  a  time,  each  car  holding  2.5  tons. 
Eight  of  these  cars  constitute  a  charge,  amounting  to  from  18 
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to  20  tons.  The  coke  is  charged  separately  in  2-wheeled  bug- 
gies, each  of  30  cu.  ft.  capacity,  and  capable  of  holding  1000  lb. 
The  amount  used  is  10  per  cent,  of  the  charge. 

The  weighing  of  charges  to  an  18-car  train  is  thus  per- 
formed :  The  cars  are  spotted  to  the  coarse-concentrates  bins, 
where  the  specified  quantity  is  weighed  in  (to  two  at  a  time), 
the  flow  being  controlled  by  a  slide-gate  operated  by  hand.  A 
swinging  chute,  operated  by  a  compressed-air  cylinder,  also 
assists  in  controlling  the  discharge.  After  the  concentrates, 
the  18  cars  are  simultaneously  charged  with  the  briquettes,  as 
more  fully  mentioned  in  the  description  of  the  briquetting- 
plant.  The  train  is  then  taken  to  the  first-class  ore-bins  for  the 
next  item  of  the  charge,  then  to  the  slag-bins,  and  the  lime- 
stone-bins. It  will  be  seen  that,  in  this  way  of  putting  in  the 
materials,  the  finer  portion  is  at  the  bottom  of  the  car,  and  it  is 
so  charged  into  the  furnace  that  it  falls  to  the  near  side,  while 
the  coarser  material  goes  to  the  center  portion  of  the  furnace. 

The  temperature  of  the  gases  from  all  the  furnaces,  in  the 
flue  just  beyond  the  dust-chamber,  drops  as  much  as  62°  C, 
and  the  draft-pressure  drops  0.2  in.  of  water  when  six  of  the 
46  doors  are  open.  The  air,  with  a  draft-pressure  of  1.7  in.  in 
the  flue,  has  a  velocity  of  1.5  ft.  per  sec.  through  the  doors  (each 
of  20  sq.  ft.  area),  and,  with  six  doors  open,  an  admission  of 
10,800  cu.  ft.  per  min.,  or  one-fifth  of  the  total  out-going  gases. 
The  quantity  entering  is  proportional  directly  to  the  number  of 
doors  opened.  Of  the  total  heat  developed  by  the  burning  of 
the  coke  and  sulphur,  18.6  per  cent,  escapes  in  the  outgoing 
gases,  which,  at  the  entrance  to  the  down-take,  have  a  temper- 
ature of  380°  C.  ISTot  more  than  these  six  doors  need  be  opened 
at  any  one  time,  either  for  charging  or  for  cutting  accretions 
or  crusts  from  the  furnace. 

With  regard  to  the  influence  of  limestone,  comprising  ap- 
proximately one-third  of  the  charge,  whose  decomposition  into 
CaO  and  CO,,  completed  at  800°  C,  abstracts  heat  at  the  sur- 
face of  the  charge,  and  thus  lessens  overfire :  such  decompo- 
sition takes  425  pound-calories  per  pound  of  limestone,  or,  as 
3.5  lb.  limestone  is  used  per  pound  of  coke  consumed,  it  ab- 
sorbs 1,487  calories  out  of  the  total  of  6,680  calories  developed 
by  the  combustion  of  this  pound  of  coke  and  the  1  lb.  of 
sulphur,  which  is  disposed  of  at  the  same  time. 
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On  the  other  hand,  at  the  zone  of  fusion,  the  CaO,  in  form- 
ing a  silicate,  evolves  297  calories,  where  such  an  evolution  is 
most  to  be  desired,  resulting  in  an  outflowing  slag  which 
reaches  a  temperature  of  1,150°  C. 

The  temperature  of  the  escaping  gases  varies  from  100°  C,  in 
a  freshly-charged  furnace,  to  560°  just  before  a  new  charge  is 
put  in,  especially  when  there  has  been  a  longer  interval  than 
usual  before  again  charging.  These  variations  become  greater 
as  the  jackets  become  more  crusted  over,  such  accretions  form- 
ing to  the  thickness  of  several  inches. 

The  addition  of  a  fresh  charge  results  in  a  drop  of  tempera- 
ture of  200°  C,  while  the  opening  of  the  doors  on  one  side 
cools  the  gases  80°  C,  the  difference,  120°,  being  due  to  the 
putting  in  of  the  cold  charge.  There  results  a  gradual  rise  of 
temperature  of  25°  C.  per  min,,  the  rise  being  retarded  be- 
cause of  the  endothermic  action  of  the  limestone,  the  evapora- 
tion of  the  water,  and  the  heat  absorbed  in  heating  up  the 
charge. 

It  would  be  well  to  note  here,  that,  with  a  fusible  self-fluxing 
charge  containing  but  little  limestone,  and  with  so  high  a  per- 
centage of  coke,  this  rise  of  temperature  would  be  more  rapid, 
and  overfire  would  increase  to  such  a  degree,  indeed,  as  to  pro- 
mote the  greater  formation  of  accretions  which  tend  to  crust 
over  the  top  of  the  charge  and  to  delay,  if  not  stop,  smelting. 

With  regard  to  the  charging-operation,  I  am  not  at  liberty 
to  give  the  proportions  or  analyses  of  the  constituents  of  the 
charge  at  the  Washoe  plant,  but,  in  Table  I.,  I  present  a  typi- 
cal Montana  blast-furnace  charge  made  up  from  data  in  Prof. 
Hofman's  paper,  ISTotes  on  the  Metallurgy  of  Copper  of  Mon- 
tana.* The  analyses  of  matte  and  slag  are  from  the  same  source, 
and  from  Peters's  book  on  Copper-Smelting  (7th  ed.,  p.  552). 
Compared  with  the  charge  calculation  given  by  him  on  p.  367, 
there  is  but  little  flue-dust  made.  To-day,  all  fine  concentrates 
are  sent  to  the  roasters  and  then  to  the  reverberatory  furnaces. 
The  fine  ore  is  also  screened  out  from  the  first-class  ore  and  is 
worked  into  briquettes.  Thus  the  flue-dust  loss  has  been  cut 
from  18.75  per  cent.,  which  he  mentions,  down  to  3  per  cent, 
in  present  practice.     The  grade  of  the  matte  has  also  been  re- 

5  Trans.,  xxxiv.,  258  to  316  (1904). 
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Table  I. — Charge-Sheet. 


5 

.2 
o 

Weight. 

Cu. 

SiO.,. 

Fe  and 
Mn. 

CaO  and 
MgO. 

S. 

Wet. 

Dry. 

Per 
Ct. 

Wt. 

Per 

Ct. 

Wt. 

Per 

Ct. 

Wt. 

Per 
Ct. 

Wt. 

Coarse  concentrates 

3.0 
8.0 
3.0 

1,5.50 
1,620 
2,060 
1,500 
3,500 

1,500 
1,500 
2,000 
1,500 
3,500 
1,020 

8.7 
6.9 
8.0 
2.0 

130 
104 
160 
30 

22.0 
45.0 
.50.0 
30.0 
5.0 
6.9 

330 

97  n 

405 
165 
242 
643 
35 
12 

^5  7 

535 

675  11.0 

1,000  12.1 

450  42.9 

175    1.0 

70|  1.2 

17.0 
15.4 

255 

0.5 

1.0 

51.0 

0.8 

10 

308 

15|  0.7 

10 

1,785 
8 

Coke  .. .          

0.7 

7 

1 

10,230 

424 

2,700l 

1,502 

1,8181 

1,115 

Weight  of  slag, 


li^ =  6,750'lb.,  or  66  per  cent,  of  charge. 

40  per  cent. 

Cu  in  slag,  6,750  by  0.33  per  cent.  =  22  lb.,  or  Cu.,0  =  25  lb. 

402 
Cu  in  matte,  424  —  22  =  402  lb.,  and  the  matte  weighs  — -=  1,005. 


40  per  cent. 

Fe  in  matte,  1,005  by  30  per  cent.  =  301  lb.,  leaving  for  the  slag  1,502  —  301 
=  1,201  lb.,  or  of  FeO  1,544  lb. 

S  in  matte,  1,005  by  23  per  cent.  =  231  lb.,  and  in  slag  26  lb.,  or  in  both  257  lb. 

S  volatilized  1,115  —  257  =  859  lb.,  or  77  per  cent,  of  the  total  sulphur. 

From  these  data  we  have  in  the  slag  SiOg  2,700  lb.  (40  per  cent.)  ;  FeO,  1,526  lb. 
(22.5  per  cent. )  ;  CaO,  1,818  lb.  (26.9  per  cent.)  ;  CuA  25  lb.  (0.4  per  cent. ) ;  S,  26 
lb.  (0.4  per  cent.)  ;  other  bases,  by  difference,  9.8  per  cent. 

From  Peters^  we  have  taken  a  matte,  and  used  it  in  our  calculation,  of  the  com- 
position, S,  23  per  cent.  (231  lb.)  ;  Cu,  40  per  cent.  (402  lb.)  ;  Fe,  30  per  cent.  (301 
lb.)  ;  other  bases,  7  per  cent.  (71  lb.). 

The  matte-fall,  based  upon  the  entire  charge  of  10,230  lb.,  is  10  per  cent.,  and 
the  concentration,  5  tons  of  ore  into  one  of  40-per  cent,  matte. 

dueed  from  50  per  cent.,  the  practice  at  the  time  the  book  was 
written,  to  40  per  cent.,  as  now  made.  It  is  now  possible  to 
work  40-per  cent,  copper-matte  successfully  in  the  converter, 
because  of  the  firmer  quality  of  the  lining  due  to  the  power- 
rammers  used.  The  loss  by  volatilization,  80  per  cent,  of  sul- 
phur, has,  in  spite  of  the  large  amount  present,  resulted  in  giv- 
ing a  40-per  cent,  matte.  This  has  been  brought  about,  in 
part,  by  the  use  of  a  high-pressure  blast  of  40  oz.  per  sq.  in., 
which  shows  itself  in  much  overfire  and  by  the  violent  agita- 
tion of  the  materials  at  the  surface  of  the  charge. 

The  high  pressure  of  40  oz.  is  necessary  because  of  the 
small  openings  by  which  the  air  enters  the  furnace,  consisting 
of  holes  no  more  than  1  in.  in  diameter,  where  the  slag  has 
been  pierced  by  the  punching-bar,  and  of  accidental  seams  be- 
tween the  jacket  and  its  adherent  crust,  as  well  as  by  cracks  and 

^  Modern  American  Methods  of  Copper  Smelting,  by  E.  D.  Peters,  Jr.,  7th  ed. 
p.  552  (1895). 
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seams  in  this  crust.  The  estimate  allows  for  no  leakages  about 
the  tuyeres,  and  the  sound  of  the  escaping  air  indicates  there 
is  some  loss  from  this  source,  a  defect  due  to  faults  of  con- 
struction, since,  with  the  much  higher  pressures  carried  by 
the  iron  blast-furnace,  the  furnace-room  is  comparatively  quiet. 
It  may  also  be  concluded  that,  with  a  more  unrestrained 
entrance  for  the  air,  the  pressure  might  well  drop  to  half  its 
present  value,  and  that,  moreover,  with  twice  the  volume  of  air 
now  entering  the  furnace,  twice  the  tonnage  could  be  put 
through.  It  is  true,  in  the  case  of  these  large  furnaces,  that 
improvement  has  been  incompletely  met  in  other  details.  The 
same  feeble  methods  are  used  to-day  in  punching  the  tuyeres, 
and  in  barring-down  the  large  furnaces,  that  have  been  used 
for  many  years.  Improvement  in  the  delivery  of  air  at  the 
tuyeres  is  the  direction  in  which  improvement  will  best  be  re- 
paid. It  would  result  in  a  furnace  needing  a  low  smelting-col- 
umn,  in  the  dropping  of  pressure  and,  with  it,  the  saving  of 
power,  as  well  as  the  ability  of  the  furnace  to  increase  its  ton- 
nage with  the  increase  of  the  air  admitted. 

Crusts  or  accretions  are  to-day  removed  by  attack  from  the 
feed-floor  level  by  a  gang  of  three  or  four  men,  who,  exposed 
to  the  high  radiant  heat  and  fumes  at  that  point,  feebly  work 
a  heavy  bar  to  break  down  these  accretions.  I  believe,  how- 
ever, that  metallurgists  are  well  aware  of  these  defects,  and 
at  this  particular  plant  they  will  endeavor  to  remove  them,  as 
soon  as  they  can  get  to  it.  It  must  be  remembered  that  the 
first  of  those  51-ft.  furnaces  has  been  in  operation  only  since 
March,  1904,  less  than  a  year  before  the  present  writing.  There 
seems  now,  however,  but  little  chance  of  the  solution  of  the 
problem  of  improved  air-supply  into  the  furnace  when  one 
takes  into  consideration  its  difl&culties. 

As  indicated  in  Fig.  7,  there  is  a  track  at  a  level  10  ft.  below 
the  slag-floor.  The  matte-ladles  are  run  in  and  spotted  to 
the  desired  furnace,  and  the  fore-hearth  tapped  to  the  ladle. 
A  dolly,  having  a  6-in.  button-head,  carries  the  conical  clay 
stopper,  made  of  a  local  clay.  A  full  ladle  of  matte  of  10 
tons  is  drawn  off.  The  flow  is  stopped  with  the  dolly,  the  tap- 
per pressing  it  in  with  all  his  force,  while  an  assistant  strikes 
the  head  of  the  dolly.  The  opening  having  been  stopped,  the 
tapping-bar  is  gently  driven  through  the  fresh  clay,  remaining 
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there  until  the  next  tapping.  The  launder,  leading  the  matte 
to  the  ladle,  is  12  in.  wide,  with  a  semicircular  bottom  lined 
with  clay.  There  is  an  independent  launder  to  the  other  settler 
also,  so  that  it  is  possible  to  tap  from  both  fore-hearths  to  the 
same  ladle.  The  ladle,  when  spotted,  is  ventilated  by  a  hood 
suspended  above  it,  which,  terminating  in  a  straight  stack 
through  the  roof  above,  carries  off  the  fumes. 

It  has  sometimes,  though  seldom,  happened,  as  after  a  shut- 
down, that  the  contents  of  the  fore-hearth  have  become  cooled. 
Directly  after  tapping  the  matte,  and  before  the  settler  has  again 
filled  with  slag,  it  has  been  warmed  by  blowing  compressed-air 
into  the  settler,  so  as  to  bessemerize  the  molten  matte  still  re- 
maining in  the  settler.  The  reaction,  being  exothermic,  serves 
to  raise  the  temperature  of  the  molten  contents. 

VIII.  Advantages  of  Large  Furnaces. 
Numerous  advantages,  in  the  operation  of  the  larger  furnaces 
over  the  ordinary  ones,  show  themselves  upon  study. 

1.  Saving  in  Fuel. — The  large  furnaces  will  work  with  10  per 
cent,  of  coke  where  11  per  cent,  has  been  needed  for  the  15-ft. 
ones.  This  arises  from  the  fact  that,  while  the  sectional  area 
at  the  tuyeres  has  increased  3.4  times,  the  radiating-surface  at 
the  sides  up  to  the  top-surface  of  the  charge  (10  ft.)  has  increased 
but  2.8  times.  Taking  into  account  the  lessened  percentage  of 
fuel,  still  6  per  cent,  more  is  burned  in  unit  time,  thus  increas- 
ing the  maximum  temperature  and  giving  more  satisfactory 
fusion.  Mr.  Mathewson,  the  local  manager,  thinks  that  in 
lead-smelting  it  should  be  possible  to  save  2  per  cent,  out  of 
the  14  per  cent,  generally  used. 

2.  Saving  in  Jacket- Water. — While  the  jacketed  surface  has 
been  increased  2.8  times,  the  capacity  has  increased  3.4  times. 

3.  Quick  and  Large  Diacharge  of  Matte  and  Slag. — It  will  be 
noticed  that  the  crucible  is  contracted  in  volume  as  compared 
with  other  practice  on  smaller  furnaces.  As  a  result,  the  con- 
tents of  the  crucible  are  more  quickly  discharged.  The  in- 
creased tonnage  smelted  gives  an  increased  flow,  so  that  there 
is  less  chance  of  obstructions  forming,  or,  if  formed,  they  are 
swept  away  in  the  large  volume  of  slag  and  low-grade  corrosive 
matte.  The  increased  intensity  of  combustion,  already  alluded 
to,  results  in  a  hotter  slag  (1,170°  C.) ;  so  markedly  true  is  this,. 
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that  the  40-per  cent,  silica  slag,  nsuallj^  carried,  appears  per- 
fectly fluid,  flowing  with  as  much  ease  as  I  have  seen  with  the 
35-per  cent,  silica  slags  of  ordinary  practice.  The  high  silica 
shows  itself,  however,  upon  withdrawing  from  the  flow  with 
an  iron  rod  a  portion  which  strings  out  in  a  characteristic 
manner.  Indeed,  it  seems  to  me  that  the  assigned  limit  of  40 
per  cent,  might  be  far  exceeded,  were  it  not  probable  that  ton- 
nage would  be  reduced,  because  of  the  slower  driving  of  the 
more  siliceous  slags.  Whether,  in  order  to  save  limestone,  or 
rather  to  increase  capacity  by  its  omission,  slags  of  60  per  cent. 
or  more  will  ever  be  found  profitable,  as  in  Mansfeld  practice, 
is  an  interesting  question.  The  temperature  of  the  slag  leav- 
ing has  dropped,  on  an  average,  50°  C.  The  temperature  of 
the  matte  remains  much  the  same  as  when  it  enters.  Thus  we 
have  temperature  of  entering  slag  and  matte,  1,170°;  of  the 
slag  leaving  the  settler,  1,120°  ;  and  the  outflowing  matte,  when 
taj)ped  to  the  ladles,  1,170°,  and  sometimes  a  little  higher,  in- 
dicating possible  exothermic  reaction  going  on  Avithin  the  fore- 
hearth. 

4.  Decrease  of  Incrustation. — Comparing  the  two  sizes  of  fur- 
nace, the  larger  one  may  be  considered  as  being  made  by  the 
union  of  three,  placed  end  to  end,  a  construction  which  was 
carried  out  by  keeping  the  two  adjoining  furnaces  running,  wliile 
the  intermediate  portion  was  being  built.  At  the  last  moment, 
and  during  a  short  shut-down,  the  dividing-walls  were  removed 
and  the  whole  thrown  into  one.  Thus  we  may  reckon  that  four 
end-walls,  out  of  the  six  needed  in  the  three  smaller  furnaces, 
have  been  eliminated.  This  has  by  so  much  lessened  the  surfaces 
for  incrustation,  especially  since  it  is  at  the  ends  of  the  furnace 
that  the  most  trouble  of  this  kind  occurs.  In  fact,  on  the  long 
side-walls  accretions  have  little  support,  and  it  is  necessary  only 
to  let  the  charge  down,  when  the  side-accretions  will  fall  for- 
ward into  the  furnace.  Bridging,  however,  may  sometimes 
take  place,  thus  holding-up  the  side-crusts.  In  such  a  case  the 
bridge  is  smelted  away,  care  being  taken  that  when  it  goes,  so 
much  does  not  fall  forward  as  to  obstruct  the  furnace-opera- 
tions at  that  point.  With  the  heav^y  blast-pressure  carried  (40 
oz.),  the  surface  of  the  charge  is  in  intense  agitation,  accompa- 
nied, just  before  charging,  with  much  overfire  and  the  projec- 
tion of  pieces  of  coke  and  materials  of  the  charge.     Hence 
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the  importance  of  screening,  in  the  case  of  all  the  first-class 
ore  used,  which,  at  the  time  of  sampling,  is  passed  over  a  trom- 
mel having  |-in.  holes,  the  undersize  going  to  the  briquetting- 
plant.  About  3  per  cent,  of  flue-dust  is  caught  in  the  dust- 
chambers,  while  a  good  deal  of  the  projected  material  falls 
back  into  the  furnace.  The  closed  top  promotes  this  action, 
since  it  gives  a  place  for  dust  to  settle.  The  charge-doors,  when 
opened,  also  have  a  cooling  and  settling  eiFect.  The  flue-dust 
caught  in  the  chamber  is  sent  to  the  reverberatories.. 

5.  Elasiidty  of  Operation. — As  a  preliminary  to  the  operation 
of  a  large  furnace,  it  was  necessary  to  find  out  if  it  could  be 
kept  running  while  part  of  it  was  undergoing  cleaning-out  or 
repair.  To  this  end  a  jacket  was  removed  while  the  blast-pres- 
sure was  kept  on  and  the  furnace  was  continued  in  operation. 
The  crust,  coating  the  jacket  at  that  point,  held  back  the  heat, 
so  that  while  the  jacket  was  7.5  ft.  wide  by  7  ft.  high,  it  could 
yet  be  removed.  This  operation  was  much  assisted  by  means 
of  a  compressed-air  crab,  both  in  pulling  out  the  old  and  in 
hoisting  the  new  jacket  into  place.  On  account  of  the  demand 
for  continuous  operation,  it  was  necessary  to  wait  two  or  three 
months  before  a  jacket  had  to  be  removed  because  of  a  leak. 
It  was  also  found  that,  by  removing  adjoining  tuyeres  and  the 
proper  jacket,  the  dead  portion  of  a  hearth  obstruction  could 
be  got  at  without  serious  trouble  to  the  men.  Where  the  heat 
showed  too  fiercely,  a  sheet  of  iron  supported  by  bars  served 
to  protect  the  spot.  The  dead  material  having  been  removed 
from  the  crucible,  the  jacket  was  again  put  up,  and  this  por- 
tion of  the  furnace  again  put  into  operation.  This,  fortun- 
ately, has  not  frequently  been  necessary.  Of  course,  all  this 
diminishes  the  efiective  smelting-area,  but  it  would  cut  pro- 
portionally less  figure  in  a  long  than  in  a  short  furnace.  It 
may  be  said,  therefore,  on  account  of  the  possibility  of  making 
repairs,  and  of  cutting-out  while  the  furnace  is  still  smelting, 
that  campaigns  may  be  considered  endless,  being  terminated 
only  if  the  supply  of  ore  becomes  exhausted. 

6.  Large  Flow  Through  Fore- Hearths. — The  capacity  of  the 
large  furnace  is  3.4  times  that  of  the  smaller  one;  hence, 
nearly  twice  as  much  of  the  mixed  matte  and  slag  enters  the 
fore-hearth  in  a  given  time.    Despite  the  increased  flow,  an  im- 
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proved  settling  and  a  cleaner  slag  have  resulted,  due  to  its 
greater  fluidity.  The  increased  flow  has  also  tended  to  keep 
the  fore-hearth  hotter.  I^o  more  labor  is  needed  because  of 
the  doubled  flow.  Certainly,  the  matte  has  to  be  tapped  more 
frequently,  but  the  same  men  can  accomplish  that  also,  since 
they  have  only  15  tappings  to  make  in  24  hours.  The  slag, 
being  granulated,  takes  no  more  labor,  though  more  water  is 
needed  for  granulating  it.  A  fore-hearth  or  slag-spout  is , 
changed  by  stopping  the  flow  at  that  tap-hole  during  the  time. 
The  united  flow,  therefore,  goes  through  the  other  fore-hearth, 
which  is  able  to  perform  the  duty  of  both. 

7.  Alteration  Without  Interruption. — At  the  Washoe  plant,  as 
already  mentioned,  the  longitudinal  axes  of  the  furnaces  are 
parallel  to  the  length  of  the  building,  a  disposition  suited  to 
charging  by  charge-cars  in  trains.  In  consequence,  it  was  pos- 
sible to  put  in  the  bridge,  jackets,  top  and  down-take  of  the  21- 
ft.  connecting  portion.  The  end-jackets  of  the  original  fur- 
naces were  then  removed,  the  crusts  broken  away,  and  the  en- 
tire furnace  brought  into  operation  with  practically  no  delay, 
at  a  time  when  output  was  all-important. 

8.  Variations  in  the  Convposition  of  Slag. — The  part  of  the 
hearth  most  exposed  to  corrosion  is  the  central,  bridged  por- 
tion. To  lessen  this  action,  the  charge  for  that  part  of  the  fur- 
nace may  be  made  more  siliceous  than  normal,  the  ends  less 
so;  thus  the  average  silica  of  the  slag  would  be  uuaflfected. 
Again,  were  it  desired  to  put  in  a  basic  charge  at  one  end  of 
the  furnace  in  order  to  smelt  out  a  crust,  this  could  be  done 
without  in  any  way  aifecting  the  other  end  of  the  furnace.  In 
fact,  it  would  be  possible  to  run  three  different  slags  at  the  same 
time. 

9.  Less  Labor-Cost. — As  just  shown,  the  cost  for  tappers  and 
furnace-tenders  at  the  slag-floor  level  is  less ;  and  at  the  charge- 
floor,  where  power-feeding  is  used,  the  resultant  cost  for  feeders 
is  less  also.  On  the  other  hand,  the  labor  per  ton  for  bringing 
in  coke  is  not  lessened.  The  present  way  of  handling  the  coke 
is  the  cheapest  and  most  practical,  however,  since  the  coke  is 
taken  direct  from  the  cars  in  which  it  comes  to  the  works,  and 
is  handled  with  less  breakage  than  by  any  other  system.  In 
the  practice  of  the  Washoe  plant  the  surface  of  the  charge  is 
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carried  6  ft.  below  the  charging-door,  giving  a  10-ft.  smelting- 
column,  so  that  there  is,  undoubtedly,  some  breakage  in  dump- 
ing the  coke  direct  from  the  coke-buggies  into  the  furnace.  It 
may  be  said,  however,  in  defense  of  the  practice,  that  it  is  fol- 
lowed because  it  is  found  that,  when  the  charge  is  shot  in 
from  the  charge-car  from  that  height,  some  segregation  occurs, 
resulting  in  the  finer  ore  going  to  the  side  and  the  coarser  to  the 
middle  line  of  the  furnace,  as  it  should  do.  The  labor  for  the 
original  seven  15-ft,  furnaces  may  be  given  as  follows  per  shift 
of  8  hours : 


Upper  floor : 

7  feeders, 

8  coke-wheelers, 
2  charge-loaders, 
4  bin-men, 

1  extra  man,     . 
Lower  floor : 

1  foreman, 
1  head-tapper, 
7  tappers, 
10  tapper-helpers, 
1  flume  watchman, 


4.00 

528.00 

3.00 

24.00 

3.00 

6.00 

3.00 

12.00 

3.00 

3.00 

5.00 

5.00 

4.00 

4.00 

4.00 

28.00 

3.00 

30.00 

3.00 

3.00 

$143.00 


Or,  for  three  shifts,  $429  for  an  output  of  2,940  tons.  To  this 
may  be  added  11  per  cent,  of  coke  @  $8.50  per  ton,  or  $2,748.90, 
making  a  total  for  fuel  and  labor  of  $1.08  per  ton.  On  the 
other  hand,  operating  the  three  large  (51-ft.)  and  one  small 
(15-ft.)  furnace,  for  labor  per  shift  is  obtained: 

Upper  floor : 

4  feeders, 

4  feeder-helpers, 
13  coke-wheelers, 

2  charge-loaders, 

4  bin-men, 

1  extra  man,     . 
Lower  floor  : 

1  foreman, 

1  head-tapper, 

7  tappers, 
10  tapper-helpers, 

1  flume  watchman, 


Or,  for  three  shifts,  $474  for  an  output  of  5,220  tons 


$4.00 

$16.00 

3.00 

12.00 

3.00 

39.00 

3.00 

6.00 

3.00 

12.00 

3.00 

3.00 

5.00 

5.00 

4.00 

4.00 

4.00 

28.00 

3.00 

30.00 

3.00 

3.00 

$158.00 

0  tons 

.    The  coke 
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consumed,  10  per  cent.,  at  |8.50  per  ton,  costs  $4,437,  making 
the  total  for  fuel  and  labor  fO.94  per  ton.  This  is  a  saving  of 
13  per  cent,  upon  those  two  items,  being  $730.80  per  day. 

10.  Less  Initial  Cost. — The  cost  of  a  furnace  with  3.4  times 
the  capacity  would  not  exceed  from  2.5  to  3  times  that  of  the 
smaller  one.  There  are  two  fore-hearths  and  three  down-takes 
for  the  51-ft.  furnace.  The  bracing  of  the  long  sides,  in  this 
particular  instance,  has  been  accompanied  with  but  little  addi- 
tional expense,  taking  advantage  of  the  trussing  and  the  con- 
struction already  existing.  The  same  building  serves  to  shelter 
the  larger  furnaces  as  effectually  as  it  did  the  smaller  ones; 
that  is  to  say,  the  same  structure  is  enough  for  an  additional 
output  of  2,280  tons,  or  77  per  cent,  more  than  the  original 
capacity. 

IX.   Briquetting-Plant. 

The  building  formerly  contained  two  Chisholm-Boyd  and 
two  White  briquetting-presses  of  a  capacity  of  125  tons  each  in 
24  hr.  To  operate  one  machine  and  to  handle  and  dry  the 
briquettes,  there  were  needed  8  men  per  shift,  including  the 
foreman,  or  24  men  daily.  The  briquettes  were  dried  in  an 
adjoining  shed. 

At  present,  the  company  has  four  end-cut,  auger  brick-ma- 
chines, one  being  constantly  in  use,  and  having,  for  the  single 
machine,  a  capacity  of  840  tons  of  briquettes  per  24  hours. 

The  briquettes  are  composed  of  one-third  ore  (screened  from 
the  first-class  ore),  one-third  slimes  from  the  slime-ponds  of  the 
works,  the  balance  of  so-called  table-concentrates  (the  product 
of  settling-tanks  at  the  concentrator),  and  5  per  cent,  of  washed 
reverberatory  coke.  The  washed  coke  is  made  from  the  ash- 
pit droppings  of  the  reverberatories.  It  is  conveyed  from  the 
ash-pit,  in  a  stream  of  water,  to  the  coke-washing  plant,  where 
the  ashes  and  clinkers  are  jigged  out,  and  a  tailings  of  coke,  of 
about  chestnut  size,  is  recovered.  This  material,  worked  into 
the  brick,  tends  to  give  them  an  open  texture,  favoring  the 
escape  of  the  moisture  quietly  rather  than  explosively,  as  would 
be  the  case  were  the  structure  dense.  The  coke  thus  incor- 
porated can  be  figured  upon  as  replacing  40  tons  daily  of  the 
more  expensive  oven-coke  at  the  blast-furnace. 

These  materials  are  drawn  from  inclined-bottom  storage-bins 
to  a  conveyor-belt  passing  in  front  of  the  four  hopper-chutes. 
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A  man  stands  at  each  of  three  of  the  chutes  to  res^ulate  their 
discharge,  while  the  discharge  of  the  coke-bin  is  regulated  from 
a  distance  by  the  pug-mill  man,  who  is  standing  at  the  pug-mill. 
The  three  men  at  the  chutes  become  quite  expert  at  sending 
along  the  proportion  assigned  to  them,  and  their  work  is  con- 
trolled by  the  pug-mill  man,  who  also  signals  when  they  are  to 
stop  feeding. 

The  conveyor-belt  discharges  to  another  at  right  angles  to  it, 
which  conveys  the  mixture  to  the  supply-chute  of  the  pug-mill, 
which  is  a  double-spindle,  horizontal  mill  making  22  rev.  per 
min.,  in  which  the  various  ingredients  are  mixed  with  just 
enough  water  for  molding  in  a  brick-press  situated  below.  The 
latter  is  a  No.  7  end-cut,  worm-feed  brick-machine,  made  by 
Chambers  Bros.  Co.,  Philadelphia,  Pa.  When  first  put  in  oper- 
ation, from  400  to  500  tons  were  produced  in  24  lir.,  but,  with 
greater  skill  and  better  regulation,  the  output  has  been  raised 
to  a  daily  average  of  840  tons,  or  to  a  maximum  of  880  tons. 
To  operate  the  plant  there  are  needed  9  men  per  shift,  including 
the  foreman.  The  bricks  weigh  from  5  to  10  lb.  each,  and  the 
machine,  in  full  operation,  can  produce  160  bricks  per  minute. 
The  bricks  are  again  conveyed  by  a  10-in.  flat  rubber  belt,  to 
another,  parallel  to  the  long  side  of  the  building  and  command- 
ing a  set  of  hoppers  placed  directly  over  the  center  of  a  track, 
which  is  inside  the  building  and  is  heated  by  steam.  There 
are  36  of  these  hoppers,  each  capable  of  holding  a  ton  of  bri- 
quettes. Deflecting-boards  sweep  the  briquettes  into  the  hop- 
pers, the  man  in  attendance  operating  the  deflectors  so  as  to 
fill  first  the  even-numbered,  and  then  the  odd-numbered  hop- 
pers. The  hoppers  are  each  2  ft.  6  in.  wide  at  the  top,  2  ft. 
wide  at  the  bottom,  3  ft.  4  in.  long  and  2  ft.  6  in.  deep.  They 
are  steel-lined  and  have  drop  bottoms.  The  bottoms  can  be 
dropped  simultaneously,  or  individually,  as  shown  in  Fig.  10. 
In  this  illustration  the  contents  of  two  hoppers  only  have  been 
dropped.  In  winter  the  room  is  heated  by  steam  so  that  the 
briquettes  will  not  freeze.  Each  alternate  hopper  is  painted 
red,  the  others  white;  corresponding  red  and  white  lights  indi- 
cate which  set  is  full.  When  the  hoppers  are  empty,  no  light 
shows. 

A  train  of  from  16  to  18  charge-cars  is  loaded  as  follows:  About 
200  lb.  of  coarse  concentrates  is  drawn  off  to  the  cars  from  the 
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coarse-concentrate  bins.  The  train  is  then  spotted  under  the 
hoppers  as  indicated  by  the  lights  to  take  the  charge  of  bri- 
quettes, and  the  bottoms  of  the  proper  bins  are  dropped  to- 
gether, thus  filling  the  cars  with  one  movement  of  a  lever. 
The  coarse  concentrates  are  put  into  the  cars  first,  in  order  to 
prevent  the  briquettes,  which  are  fresh  from  the  press,  from 
sticking  to  the  bottom.  When  it  is  desired  to  omit  the  bri- 
quettes from  any  desired  car,  that  particular  lever  can  be 
thrown  out  of  gear.  The  hoppers  are  so  spaced  that  the 
alternate  ones  come  over  the  centers  of  the  charge-cars.  The 
work  goes  on  with  great  precision,  and  18  cars,  if  desired,  can 
be  filled  with  a  single  movement  of  the  lever. 

It  is  to  be  noticed  that  these  briquettes  are  not  handled  at 
all.  They  are  used  moist,  not  being  dried.  They  crumble  some- 
what, but  still  stand  handling  well  enough  for  smelting. 

X.  Roastinq-Plant. 

1.  Kilns. — The  roaster  building  contains  56  McDougall  roast- 
ers, as  improved  by  Evans  and  Klepetko.  There  are  14  rows, 
each  of  four  furnaces,  each  group  of  four  being  driven  from  a 
common  shaft,  and  any  furnace  operated  independently  by  its 
owm  friction-clutch.  There  are  four  groups  of  furnaces,  each 
driven  by  a  motor,  which  receives  its  current  from  the  central 
power-house. 

Professor  Hofman^  gives  a  careful  description  of  the  roasting- 
furnaces  of  this  plant.  To  this  I  add  certain  details  of  prac- 
tice.* At  the  beginning  of  each  8-hr.  shift  the  workman  stops 
the  furnace,  and  removes  the  lumps  of  ore  or  crusts  which  have 
accumulated,  especially  on  the  rabbles  and  roof  of  the  third  or 
"  cutting  "  floor  and  on  the  roof  of  the  fourth  floor,  to  which 
they  adhere.  The  lumps  thus  removed  furnish  material  well- 
suited  to  blast-furnace  smelting.  Then,  starting  the  furnace, 
the  few  remaining  lumps  are  taken  out  as  they  are  swept  round 
by  the  rabbles.  Finally  the  doors,  except  the  bottom  ones,  are 
closed,  and  the  furnace  resumes  its  roasting.  This  work  takes 
about  an  hour.  The  side  drop-holes  of  the  even-numbered 
hearths,  each  situated  in  front  of  a  door,  are  cleaned  by  means 
of  a  1-in.  chisel-pointed  bar  4  ft.  long,  and  having  its  cutting- 

''  Notes  on  the  Metallurgy  of  Copper  of  Montana,  Trans.,  xxxiv.,  277  (1904). 
^  See  also  Mineral  Industry,  vol.  xii.,  p.  98  (1903). 
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end  curved  so  as  better  to  reach  the  sides  of  the  drop-hole.  The 
ore  collecting  on  the  central  shaft,  and  at  the  central  draft-holes 
of  the  odd-numbered  hearths,  is  quite  easily  removed  because  of 
the  water-cooled  surfaces  to  which  it  adheres.  In  the  older  in- 
stallation it  was  customary  to  draw  the  flue-dust  from  the  cross- 
flue  to  the  calcine-hopper  of  the  furnace.  "Whenever  calcines 
were  drawn  off",  this  flue-dust  would  escape  from  the  hoppers 
and  act  with  corrosive  effect  upon  the  skin  of  the  workman. 
The  cross-flue  was  accordingly  made  over  with  a  hopper-bot- 
tom, by  which  the  flue-dust,  as  it  collected,  was  quietly  with- 
drawn to  calcine-cars,  and  sent  back  to  be  again  fed  through 
the  furnace.  This  did  away  with  a  serious  difficulty  in  oper- 
ating. 

The  cross-flues  are  made  of  0.25-in.  plate-steel,  but  they  have 
been  so  corroded  that  they  are  being  replaced  by  flues  of  brick, 
having  also  hopper-bottoms  for  the  convenient  removal  of  the 
flue-dust.  The  rabble-blades  are  8  in.  long  and  wear  to  6  in. 
before  being  replaced.  When  new,  they  clear  the  hearth  by 
2  in.  The  central  drop-hole  allows  16  in.  between  its  edge  and 
the  shaft.  The  ore,  plowed  by  the  rabble  above,  drops  upon  the 
shield  of  the  next  lower  rabble- arms  at  a  point  midway  between 
them.  In  so  doing,  it  showers  down  through  the  ascending 
air,  which  actively  roasts  it,  but,  at  the  same  time,  this  air-cur- 
rent carries  away  the  finer  particles  of  the  ore  as  flue-dust. 
Hence  the  considerable  portion  of  that  material  made,  which 
varies  from  3  to  5  per  cent. 

When  a  furnace  is  to  be  shut  down  for  repair,  the  feed  is 
stopped  and  the  hearths  are  emptied  by  the  continued  opera- 
tion of  the  rabbles.  Upon  starting  up  again,  about  two  firings 
of  wood  are  put  on  the  bottom  and  fifth  hearths.  This  is  fol- 
lowed by  coal.  When  the  wood  is  gone  the  rabbles  are  started, 
as  well  as  the  feeding  of  fresh  ore  until  it  comes  down  to  the 
fourth'or  fifth  hearth.  At  the  same  time  coal  is  added  to  the 
hearths  as  they  heat  up,  until  the  furnace  has  become  sufficiently 
hot  to  start  the  burning  of  the  ore.  The  heat  creeps  up  and 
the  furnace  gradually  gets  into  operation. 

The  sulphur  left  in  the  roasted  ore,  based  upon  a  capacity  of 
40  tons  daily,  is  from  6.5  to  8.5  per  cent.,  but  preferably  7  per 
cent.  The  charge  consists  of  27.5  tons  of  fine  concentrates, 
1.25  tons  of  finely-crushed  limestone,  1.25  tons  of  returned  flue- 
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dust.  The  actual  output,  however,  is  as  high  as  47  tons  daily. 
The  concentrates  may  be  replaced,  in  part,  by  fine  screenings 
from  first-class  and  fine  table-concentrates.  Fig.  12  shows  the 
progress  of  the  roasting  on  the  successive  hearths.  It  shows 
that  about  the  same  duty  is  performed  by  each  hearth  after 
the  first. 

The  gases  escaping  from  the  upper  hearth  have  a  tempera- 
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ture  of  315°  C.  and  contain  2.25  per  cent,  of  SO^  by  volume. 
By  the  time  they  reach  the  flue-chamber  they  have  cooled  to 
117°  C.  The  appearance  of  the  roasting  at  the  different  hearths 
is  as  follows:^ 

On  the  first  hearth,  the  ore,  dropped  at  the  circumference, 
and  containing  6  per  cent,  of  moisture,  is  drying  out,  but  at- 
tains to  no  visible  heat.  Entering  the  second  hearth  it  still 
looks  dark,  but  shows  a  blue  flame  by  the  time  it  reaches  the 


9  Trans.,  xxxiv.,  277  (1904). 
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borders  of  the  hearth,  where  it  is  600°  C.  On  the  third  hearth, 
some  sparks  show  where  the  rabble  passes,  together  with  blue 
flame  becoming  hotter,  with  more  abundant  sparking,  and  with 
a  flame-temperature  of  900°  On  the  fourth  hearth,  the  spark- 
ing has  ceased,  the  ore  having  attained  an  orange  heat.  In  fall- 
ing upon  this  hearth  from  the  one  above,  the  ore,  as  it  showers 
down,  burns  freely,  and,  undoubtedly,  the  roasting  is  hastened, 
even  by  this  momentary,  but  thorough,  exposure  to  the  ascend- 
ing air.  On  the  fifth  hearth,  the  sulphur  is  leaving  the  ore,  the 
discharge  temperature  being  less  than  the  entering  one ;  that 
is,  it  is  brighter  near  the  outer  periphery.  Here  the  maximum 
temperature  of  960°  C.  is  attained.  On  the  sixth,  and  final, 
hearth,  the  heat  has  become  uniform  but  lower  (860°  C).  As 
the  ore  leaves  the  hearth  it  seems  brighter,  but  speedily  cools 
oft"  to  660°  C.  as  it  falls,  smoking  freely,  into  the  hopper.  The 
calcines  are  withdrawn  rather  promptly  from  the  hoppers,  so 
that,  b}'  the  time  they  enter  the  reverberatory  furnace,  they  will 
average  420°  C.  The  Evans-Klepetko  type  of  roaster,  here 
used,  has  water-cooled  rabble-arms,  but  it  has  been  found  that 
these  abstract  but  little  heat,  and  in  no  way  hinder  the  roast. 
Ore,  sticking  to  the  water-cooled  surfaces,  adheres  but  lightly, 
and  is  easily  removed.  The  percentage  of  sulphur  given  in  the 
roast-and-temperature  diagram,  Fig.  12,  is  32,  but,  in  general, 
the  average  is  34  per  cent. 

In  considering  the  rate  of  roasting,  the  amount  of  sulphur 
removed  is  about  the  same  on  each  hearth.  However,  the  ve- 
locity of  expulsion  of  sulphur  should  decrease  in  the  ratio  of 
the  quantity  remaining,  much  as  interest  payments  decrease  on 
deferred  payments.  Interfering  with  this  principle  is  the  fact 
that  much  heat  is  used  in  the  expulsion  of  moisture  on  the 
upper  hearth,  and  that  the  ore,  which  needs  to  be  heated  to  a 
certain  temperature  (300°  C.)  before  it  gets  started  to  roasting, 
there  fails  to  get  such  a  start.  On  the  lower  hearth,  roasting 
still  proceeds  actively,  because,  there,  the  ore  gets  air  which 
is  quite  fresh,  while  the  escaping  gases  contain  SO.^  to  the  ex- 
tent of  2.25  per  cent,  of  their  volume,  or  5  per  cent,  of  their 
weight.  ISTo  doubt,  tonnage  could  be  increased  by  blowing  in 
hot,  fresh  air  at  the  upper  hearth,  but  this  would  be  adding  to 
the  expense,  so  that  it  is  just  as  well  that  it  is  principally  a 
drying-hearth.     The  ore  takes  more  than  2  hr.  15  min.  to  pass 
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through  the  furnace.     To  the  ore  has  been  added  4  per  cent,  of 
fine  limestone,  the  calcines  also  containing  2.5  per  cent,  of  CaO. 
The  composition  of  the  escaping  gases  is : 

By  Weight.      By  Volume. 
Per  Cent.  Per  Cent. 

SOj, 4.95  2.25 

SO3, 1.46  0.53 

0 19.60  18.45 

N, 74.00  78.77 

Thirty -two  pounds  of  air  is  needed  per  pound  of  sulphur, 
and,  since  13.3  lb.  of  the  latter  is  burned  ofl:'  per  minute,  there 
is  needed  in  that  time  6,384  cu.  ft,  which  passes  up  the  central 
hearth-opening  at  the  rate  of  8.8  ft.  per  sec.;'  hence,  the  quan- 
tity of  flue-dust  produced  amounts  to,  at  least,  5  per  cent.  A 
screen-analysis  shows  the  fineness  of  the  product — viz.,  on 
lO-mesh  screen,  9.7;  between  10-  and  30-mesh,  25.3;  between 
30-  and  SO-mesh,  30.7;  passing  80-mesh,  33.4;  total,  99.1. 

2.  Reverberaiory  Furnaces. — There  are  seven  reverberatories, 
the  largest  of  the  kind  in  the  world,  placed  in  two  buildings. 
Each  furnace  supplies  waste  heat  enough  for  two  300-h.p.  Stir- 
ling water-tube  boilers.  The  gases,  after  passing  through  the 
boilers,  are  conveyed  by  the  reverberatory  flue  to  the  main 
flue.  Whenever  it  is  desired  to  clean  the  boilers,  a  by-pass  flue 
conveys  the  escaping  gases  direct  to  the  reverberatory  flue,  the 
connection  through  the  boiler  being  meanwhile  shut  off. 

A  sectional  plan  and  elevation  of  this  style  of  furnace  is 
given  in  Fig.  13,  and  the  details  of  construction  are  as  fol- 
lows:  Length  of  hearth,  No.  1,  115.8  ft.;  of  Nos.  2,  4  and  5, 
102.5  ft. ;  and  of  :N'o8.  3,  6  and  7,  112.5  ft.  ;  all  hearths  are  19 
ft.  wide,  and  have  fire-boxes  16  ft.  by  7  ft.,  or  112  sq.  ft.  area. 
Referring  to  Furnace  ISo.  1,  Fig.  13,  the  outlet-flue  at  the  neck 
is  60  by  38  in.,  or  of  16  sq.  ft.  area.  The  skimming-door,  12  in. 
by  15  in.  wide,  has  its  skim-plate  4  in.  above  the  hearth  at  that 
point.  The  hearth,  however,  has  a  slope  of  8  in.  toward  the 
matte  tap-holes.  At  24  ft.  from  its  front  end,  the  furnace  be- 
gins to  draw  into  the  jamb,  where  it  is  7  ft.  wide  and  4  ft.  high 
to  the  crown  of  the  arch.  The  rise  of  the  arch  is  1  in.  to  the 
foot,  or  at  the  middle  section  19  in.  In  the  roof  there  were 
10  transverse  expansion-joints,  3  in.  wide,  or  30  in.  in  all,  left 
in  the  furnace  when  built.  These,  however,  are  now  each  a 
little  more  than  1  in.  when  the  furnace  is  cold.     In  the  bridge 
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itself  there  are  three  transverse  expansion-joints,  each  of  4  or 
5  in.,  which  close  up  when  the  furnace  is  fully  heated.  The 
bridge  is  4  ft.  across,  and  is  27  in.  above  the  hearth  and  24  in. 
above  the  grate.  It  has  a  hollow  conker-plate  through  which 
air  passes  by  a  ventilating-passage  to  the  draft-flue,  thus  keep- 
ing the  bridge  cool.  At  this  end  of  the  furnace  the  height 
from  the  hearth  to  the  crown  of  the  arch  is  6.7  ft.  Twenty 
checker-holes,  each  3  by  3  in.,  provided  for  the  admission  of 
air,  are  located  transversely  to  the  furnace  over  the  lire-bridge. 
In  some  of  the  furnaces  additional  checker-holes  have  been 
made  at  the  front  of  the  lire-box  for  additional  air,  but  for 
other  furnaces  this  extra  supply  is  not  needed.     In  order  to 
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Fig.  13— Keverberatory  Furnace  No.  1,  Having  115.8  Ft.  Length  of 
Hearth,  with  Waste-Heat  Boiler-Setting. 

determine  the  height  of  the  coal  in  the  fire-box,  two  circular 
stoke-holes,  12  in.  in  diameter,  are  placed  in  the  front  wall  of 
the  fire-box,  and  these  opening  are  closed  by  wheel-doors.  Over 
the  middle  line  of  the  fire-box  are  four  charge-openings,  12  in. 
square,  through  which  the  four  coal-hoppers  discharge  into  the 
fire-box.  There  are  ten  side-doors,  each  8  by  15  in.,  with  sills 
18  in.  above  the  level  of  the  skim-plate  at  the  front.  The  sides 
of  the  furnace  and  the  fire-bridge  are  stepped  o^  for  several 
courses  on  the  inside,  thus  strengthening  the  lower  portion  of 
the  walls  and  the  bridge.  There  are  four  charge-openings  in 
the  roof,  having  circular  covers.  Through  these  openings 
the  charge  from  the  two  hoppers  above  drops  into  the  furnace. 
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The  operation  of  these  furnaces  is  as  follows:  In  the  fire- 
box of  a  furnace,  which  has  been  shut  clown  for  repairs,  a  fire 
of  wood  is  put,  follow^ed  by  an  increasing  firing  of  coal,  until, 
in  48  hr.,  the  first  charge  may  be  dropped  in.  As  fast  as 
charges  are  melted,  others  are  added,  until  the  furnace  has 
been  filled.  The  furnace  takes  from  10  to  15  days  to  get  up 
to  its  full  heat.  The  charges  of  15  tons  are  put  in,  on  the  aver- 
age, every  80  min.,  10  tons  being  droj^ped  from  the  first  hop- 
per and  5  tons  at  the  second  one,  90  ft.  from  the  front  of  the 
furnace.  It  must  be  noted  that  the  charge  drops  upon  a  bath 
of  a  minimum  depth  of  from  3  to  4  in.  of  matte  with  8  in.  of 
slag  above  it,  so  that  there  is  little  chance  of  the  new  charge 
sticking  to  the  hearth.  The  hot  calcines,  of  which  the  charge 
is  principally  composed,  spread  out  less  than  commonly  repre- 
sented. There  is,  however,  a  movement  of  the  entering  charge 
towards  the  front  of  the  furnace,  in  consequence  of  which  the 
ore  may  be  observed  floating  down  in  two  ridges  towards  that 
end,  and  gradually  spreading  out. .  Heat  is  taken  up  not  only 
from  the  flame,  but  also  from  the  highh'-heated  molten  bath  of 
fhe  furnace,  in  consequence  of  which  fusion  proceeds  rapidly. 

Before  dropping  the  next  charge,  the  side-door  near  the 
hoppers  is  opened,  and  a  rabble  inserted  to  determine  that  no 
unfused  material  remains.  It  sometimes  happens  that  some  of 
the  charge  becomes  agglomerated,  and,  moving  down  towards 
the  front  end,  escapes  fusion.  These  "  floaters,"  as  they  are 
termed,  are  moved  up  toward  the  fire-bridge  by  inserting  a  rab- 
ble at  the  proper  doors,  so  that  they  are  brought  to  the  hottest 
part  of  the  furnace  and  then  fused ;  or,  better,  a  pipe  is  inserted 
under  them  by  which  the  matte  just  under  the  floater  is  besse- 
merized,  and  the  mass  melted  at  the  increased  temperature  re- 
sulting. Skimming  is  performed  every  4  hr.,  care  being  taken, 
however,  to  do  it  not  less  than  45  min.  after  a  charge  has  been 
dropped.  It  takes  about  15  min.,  the  amount  run  out  being 
from  45  to  50  tons.  The  slag  is  granulated  in  water,  and  is  run 
to  waste  by  a  launder  to  the  dump.  This  operation,  called 
skimming,  is  rather  a  tapping,  the  rabble  being  used  to  hold 
back  and  control  the  speed  of  the  outflowing  stream  of  slag.  A 
rabble  with  a  5-  by  9-in.  blade  and  a  12-ft.  handle  is  used,  and 
sometimes  a  larger  one,  having  a  6-  by  16-in.  blade.  The  slag 
runs  through  a  settling-pot,  or  trough,  7  ft.  long,  24  in.  wide 
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and  18  in.  deep,  intended  as  a  safeguard  against  a  possible 
escape  of  matte.  The  slag  adhering  to  this  pot  is  called  pot- 
slag,  and  is  sent  to  the  blast-furnaces,  since  it  may  contain  drops 
of  matte.  When  as  much  as  200  tons  of  matte  has  accumu- 
lated in  the  furnace,  it  is  tapped  off,  according  to  the  amount 
of  matte  needed  at  the  converters.  Fig.  11  is  a  view  of  matte 
flowing  into  a  10-ton  ladle  from  two  reverberatory  furnaces,  80 
ft.  distant.  The  compressed-air  locomotive  is  coupled  to  the 
ladle-car,  ready  to  move  it  when  full.  Quite  commonly  the 
matte  is  tapped  from  two  furnaces  simultaneously,  the  runner, 
or  launder,  80  ft.  long,  branching  to  the  adjacent  tap-holes  of 
the  two  furnaces.  These  tap-holes,  two  to  each  furnace,  are  at 
the  hearth-level.  The  plugging  of  a  tap-hole  is  done  with  a 
stopper-rod,  or  dolly,  having  a  button  of  4  in.  diameter,  on 
which  is  stuck  a  conical  clay  plug.  This  is  inserted  by  one 
man,  whose  efforts  are  seconded  by  another,  who  strikes  the 
end  of  the  dolly  with  a  heavy  hammer,  to  enter  the  plug  effec- 
tually into  the  tap-hole. 

Coal  is  charged  into  the  fire-box  about  once  in  40  min., 
dropping  in  3,000  lb.  of  coal  at  the  four  charge-openings.  The 
level  of  the  coal  is  found  by  feeling  it  with  a  rod  introduced 
through  the  stoke-openings  at  the  front  of  the  fire-box.  A 
mica-covered  hole,  located  in  the  outlet-flue  of  the  furnace,  can 
be  observed  by  the  fireman,  125  ft.  away,  who  regulates  the 
firing  of  the  fuel  by  observing  the  appearance  of  the  flame  at 
this  hole.  The  coal  is  carried  on  the  grate  to  the  height  of  the 
bridge,  or  about  24  in.,  and  a  clinker-bed  is  permitted  to  form 
on  the  grate-bars.  These  bars,  2  in.  square  and  6  in.  centers, 
permit  a  good  deal  of  ash  and  unburned  coal  to  fall  through. 
The  dropping  of  these  materials  is  constant,  the  coke  amount- 
ing to  10  per  cent,  of  the  total  coal  used. 

About  monthly  it  is  necessary  to  patch  or  fettle  the  furnace 
near  the  fire-box  end,  where  it  is  subjected  to  the  greatest  action 
of  the  fire.  This  is  known  by  looking  in  at  the  slot  of  the  fire- 
bridge where  the  conker-plates  are  observed  becoming  red-hot. 
Repairs  having  been  determined  on,  the  matte  is  allowed  to 
accumulate  in  the  furnace  to  near  the  level  of  the  sill  of  the 
skimming-door.  Slag  is  tapped  and  skimmed  close  to  the  matte, 
and  then  the  latter  is  tapped  dry  from  the  furnace.  Such  a  large 
amount  of  matte  will  fill  a  train  of  16  ladles.     To  take  care  of 
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it,  preparations  have  been  made  by  having  withdrawn  matte  just 
before  from  the  blast-furnace  settlers,  or  fore-hearths.  Thus  full 
attention  can  be  given  to  this  supply  at  the  converters.  At  the 
reverberatory,  half  the  matte  is  tapped  off'  into  ladles  and  cov- 
ered ;  the  remainder  is  then  treated  in  the  same  way.  The 
first  three  side-doors  of  the  empty  furnace  are  opened  and  about 
20  tons  of  sand,  used  for  fettling,  thrown  in  against  the  corroded 
sides,  as  well  as  placed  there  by  means  of  paddles.  To  tap  the 
matte  and  to  repair  the  furnace  requires  more  than  8  hr.,  after 
which  the  doors  are  put  up,  the  fires  urged,  and  new  charges 
added  until  250  tons  of  ore  has  been  put  in.  About  once  in 
8  months  it  becomes  necessary  to  repair  the  furnace  fully,  when 
it  is  tapped  dry  and  allowed  to  cool  off"  until  it  is  possible  for 
the  masons  to  enter.  This  waiting  may  be  lessened  by  admit- 
ting a  blast  of  air  from  a  fan  to  ventilate  the  portions  of  the 
furnace  where  the  repairing  has  chiefly  to  be  done — viz.,  the  25 
or  30  ft.  at  the  fire-box. 

These  reverberatory  furnaces  can  smelt  from  250  to  325  tons 
daily  and  may  be  termed  300-ton  furnaces.  They  burn  from 
55  to  60  tons  of  coal  in  24  hr.,  or  21  per  cent,  of  the  charge.  It 
must  be  remembered  that  about  10  per  cent,  of  this,  however, 
is  recovered  in  the  cinders  as  coke.  At  $4.50  per  ton  for  coal 
this  would  make  $1  per  ton  of  charge  treated,  to  say  nothing 
of  the  600  h.p.  of  steam  obtained  from  the  waste  gases.  On 
account  of  the  large  body  of  matte  and  slag  carried  in  the  fur- 
naces, the  variations  of  temperature  are  less  than  in  smaller 
ones.  Skimming  or  tapping  is  all  done  at  the  front  door,  where 
the  entering  air  will  not  cool  oft'  the  furnace.  Care  is  taken  to 
lute  up  all  openings,  and  upon  the  cooler  front-half  of  the  fur- 
nace-arch, to  carry  a  layer  of  3  in.  of  sand  to  retain  the  heat 
and  to  stop  every  crack.  When  the  sand  is  removed  at  any 
spot  upon  the  arch,  red-hot  brick  shows  itself.  The  charge 
being  dropped  near  the  fire-box  end,  the  dust  has  a  chance  to 
settle  in  going  the  long  distance  of  100  ft.  through  the  furnace, 
'SO  that  the  loss  by  flue-dust  is  small.  With  a  furnace-width  of 
19  ft.,  distant  from  the  center-line  of  the  furnace  and  hence  far 
from  the  heat,  the  corrosive  action  is  less  than  in  a  narrower 
furnace.  The  company  makes  its  own  fircrclay  and  silica  brick, 
the  latter  being  largel}^  used  in  these  furnaces  for  both  walls 
and  roof. 
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A  type  charge  of  these  reverberatories  consists  of  calcines, 
limestone  (put  into  the  charge  at  the  McDougall  roasters),  and 
flue-dust,  containing :  SiO„  26.1 ;  FeO,  31.3 ;  CaO,  2.9 ;  S,  8.1 ; 
and  Cu,  9  per  cent.  The  slag  contains  SiO^,  37.8  ;  FeO,  38.6; 
CaO,  4.6  ;  Al.^Os,  6  ;  and  Cu,  0.37  per  cent. ;  and  the  loss  of  sul- 
phur, by  volatilization,  is  33  jjer  cent.  Corresponding  rever- 
beratory-slags  at  Great  Falls,  Mont.,  show  Cu,  0.69  per  cent.  ; 
the  higher  copper-content,  as  compared  with  that  of  the  Ana- 
conda slag,  being  due,  (1)  to  the  lower  temperature  and  hence 
less  fluid  slags,  (2)  to  the  better  settling  in  the  longer  furnace, 
and  (3)  to  the  greater  amount  of  lime  contained  in  the  Anaconda 
slag.  The  matte  is  tapped,  through  plates  24  by  24  by  2.5  in., 
to  the  matte-launders,  which  convey  it  80  ft.  to  discharge  it  to 
the  ladles.  The  temperature  of  the  matte,  as  it  escapes  from 
the  furnace,  is  1,035°  C.  and  where  it  enters  the  ladle  985°  C. 
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Hearth  of  Furnace 


Fig.  14. — Longitudinal  Section  op  Keverberatory,  Showing  Curve  of 
Temperature  Throughout  the  Furnace. 

Two  ladlefuls  of  matte  are  generall}^  drawn  at  a  time  without 
stopping  the  flow.  It  is  found  that  but  little  matte  is  spilled 
in  moving  the  empty  ladle  into  the  place  of  the  full  one.  The 
best  point  to  which  to  roast  the  calcines  for  good  reverberatory 
work  is  from  7  to  8  per  cent,  of  sulphur. 

Fig.  14  represents  a  longitudinal  section  of  a  reverberatory 
furnace,  showing  the  variations  of  flame-temperature.  After  the 
third  door  the  heat  remains  with  but  little  drop  to  the  front 
of  the  furnace.  The  temperature  of  the  slag,  as  it  issues  from 
the  furnace,  is  1,120°  C,  and  as  it  escapes  from  the  separating 
trough,  1,060°.  At  the  neck  the  escaping  gases  are  1,100°, 
and  just  before  they  enter  the  boiler-tubes,  950°.  After  passing 
through  the  boiler,  the  cooled  gases  have  a  temperature  of 
from  330°  to  350°.  The  draft  increases  progressively  from. 
vol.  xxxvii. — 30 
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the  fire-box,  where  it  is  0.50  in.,  to  the  flue  entering  the  boiler, 
where  it  is  1.25  in.  of  water. 

As  the  charge  drops  into  the  furnace  there  ensues  an  active 
ebulUtion  and  escape  of  SO.^  gas,  so  that  the  escaping  gases  of 
the  furnace  contain  2.28  per  cent,  of  SO^  during  the  first  pe- 
riod of  10  min.  In  the  second  and  succeeding  10-min.  periods, 
there  is  approximately  1  per  cent,  escaping.  At  the  same  time 
but  a  trace  of  SO3  is  to  be  found.  Therefore,  in  this  case,  the 
idea  that  fusion  with  the  silica  of  the  charge  produces  sulphuric 
anhydride  must  be  abandoned.  The  principal  reaction  is,  FeS 
+  3  Fe,03  -f  7  SiO^  =  7  FeSiOg  -f  SO,.  Of  the  8  per  cent,  of 
sulphur  contained  in  the  calcines,  one-third  is  thus  evolved, 
the  remaining  two  thirds  going  into  the  matte.  The  matte-fall 
is  21.5  per  cent;  the  matte  containing  40  per  cent,  of  copper. 

XI.  Converter-Plant. 

The  converter-floor  has  one  end,  the  lining-floor,  reserved  for 
lining  and  drying-out  the  converters.  On  the  remainder  of  the 
floor,  space  is  reserved  for  the  operation  of  10  stands  or  stalls  of 
converters,  and  for  handling  the  slag  and  copper.  The  entire 
space  of  this  floor  is  commanded  by  two  65-ton  traveling-cranes 
intended  for  handling  the  converter-shells,  which,  newly  lined, 
weigh  42.  tons,  also  the  slag-  and  metal-ladles.  At  one  side, 
adjoining  the  lining-floor,  is  the  lining-room,  in  which  are  the 
crushers  and  wet  pans  for  preparing  the  lining  or  ganister  for 
the  converters.  On  the  other  side  (the  casting-floor)  are  situ- 
ated two  copper-refining  furnaces  14  ft.  by  22  ft.  8  in.  and  one 
14  ft.  by  28  ft.  hearth-dimensions,  and  having  fire-boxes  5.5  by 
7  ft.,  or  38  sq.  ft.  area.  The  furnaces  are  provided  with  endless- 
chain  anode-casting  machines,  and  are  filled  with  the  molten 
converter-copper  poured  in  from  5-ton  metal-ladles.  The  con- 
verter-slag is  also  poured  by  the  5-ton  ladles  into  a  Howden 
slag-casting  machine,  which  delivers  it,  suitably  cooled  by  water- 
sprays,  to  hopper-bottomed  railroad-cars.  The  converters  are 
charged  by  means  of  10-ton  matte-ladles,  which  are  brought  in 
on  an  elevated  track,  and  which  are  poured  into  launders  lead- 
ing to  the  mouth  of  the  converters. 

1.  Construction. — These  converters  are  of  the  barrel-tj^pe,  8  ft. 
in  diameter  by  12  ft.  6  in.  in  length,  and  each  of  10  tons  capacity. 
Their  average  charge  is  9  tons,  but  when  nearly  eaten  out  they 
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will  take  a  charge  of  from  12  to  13  tons.  They  are  operated  by 
hydraulic  power  under  a  pressure  of  400  lb.  per  sq.  in,,  actuat- 
ing the  usual  vertical  rack  and  sector.  When  freshly  lined,  the 
cavity  of  the  body  of  the  converter  is  6  ft.  long  at  the  top, 
8  ft.  4  in.  long  at  the  bottom,  4  ft.  wide  and  3  ft.  8  in.  deep  and 
of  80  cu.  ft.  capacity.  In  the  cover  this  cavity  tapers  to  the 
spout,  2  ft.  6  in.  in  diameter.  The  ganister,  or  lining,  consists 
of  siliceous  ore  of  from  70  to  85  per  cent,  of  silica,  together 
with  values  in  copper,  gold  and  silver.  To  this  are  added,  to  pro- 
duce the  necessary  adhesion,  pond-slimes  made  by  the  concen- 
trating-mill,  which  resemble  clay,  and  contain  60  per  cent,  of 
SiOj  and  2.6  per  cent,  of  Cu.  Sometimes  the  siliceous  ore 
with  70  per  cent,  of  SiOj  will  carry  as  much  as  8  per  cent,  of 
iron,  quite  materially  diminishing  its  efficiency  as  lining-ma- 
terial. 

When  the  used-up  converter-shell  has  been  removed  from  its 
stand,  the  cover  is  taken  off,  and  water  is  run  into  the  body  to 
cool  it,  so  that  it  may  be  properly  trimmed  from  projecting 
crusts,  etc.,  preparatory  to  relining.  If  necessary,  the  4.5-in. 
brick  lining  of  the  shell  is  repaired.  The  body,  having  been 
taken  to  the  relining-stand,  receives  the  ganister,  which  is 
dumped  into  it  by  barrow-loads  in  layers,  each  layer  being 
rammed  by  means  of  a  compressed-air  rammer,  resembling  an 
IngersoU  rock-drill.  This  rammer,  having  a  20-in.  stroke,  and 
w^eighing  two  tons,  is  suspended  from  a  swinging  jib-crane,  so 
that  it  can  be  moved  over  the  surface  to  be  rammed.  The  bot- 
tom is  brought  up  to  within  6  in.  of  the  tuyere-openings.  The 
form  or  mold  for  the  cavity  is  now  set  in  place  and  filled  round 
with  ganister,  which  is  rammed  solidly  as  before.  Formerly 
the  ganister  was  made  with  water  into  an  adobe,  but  now  it  is 
so  stiff  that  it  takes  the  powerful  blows  of  the  rammer  to  com- 
pact it.  The  filling  having  been  completed  to  the  top  of  the 
body,  the  mold,  made  in  five  wedge-shaped  pieces,  is  withdrawn. 
The  top  is  lined  around  a  form  in  the  same  way,  and,  to  hold 
the  lining  in  place,  chaplets,  spaced  12  in.  apart,  are  provided, 
projecting  from  the  interior  surface  of  the  shell.  Finally,  the 
top  and  lining  are  bolted  together,  the  joint  being  made  with 
adobe  soft  enough  to  compress  throughout  the  joint.  The 
weight  of  material  thus  added  exceeds  16  tons,  and  the  opera- 
tion of  lining  is  completed  in  1.5  hr.     A  converter,  thus  lined, 
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will  last  6  charges  or  pourings  of  copper  on  an  average,  or  2.66 
tons  of  ganister  used  per  charge.  The  lined  converters  are  now 
moved  over  to  the  opposite  side  of  the  floor,  where  they  are 
dried  out  and  heated  preparatory  to  use,  firing  first  with  wood, 
followed  by  coal.  The  firing  is  promoted  by  air  blown  in  at 
the  tuyeres  from  a  small  electrically-driven  Roots  blower. 

2.  Operation. — When  dried,  the  converter  is  set  in  its  stall  and 
air  turned  on  for  a  few  minutes  to  burn  up  the  fuel  remaining  in 
it.  It  is  next  turned  down  to  dump  out  the  ashes,  then  set  in 
position  to  take  its  charge  of  matte.  When  the  matte-ladle  is 
ready  this  operation  takes  5  or  10  min.,the  temperature  of  the 
outpouring  matte  being  900°  C.  In  the  older  installation,  the 
matte-launders  were  brought  round  to  the  front  of  the  converter 
to  be  filled  in  receiving-position,  after  which  the  blast  was  put 
on  as  they  were  brought  into  blowing-position.  At  present,  the 
launders  are  being  changed  and  shortened,  conducting  in  the 
matte  while  the  converter  is  in  blowing-position.  Of  course,  it 
is  necessary  while  charging  to  admit  the  air,  in  order  to  keep 
the  matte  out  of  the  tuyeres.  However,  the  short  launders  are 
preferable,  as  they  keep  themselves  clear  of  accumulating  matte, 
and  the  chances  of  spilling  are  lessened.  The  first  charge  of 
from  7.5  to  9  tons  is  all  the  newly-lined  converter  will  take. 
The  average  time  of  blowing  a  straight,  single  charge  of  rever- 
beratory-matte  may  be  given  as  follows  :  to  the  first  skimming 
for  slag,  43  min. ;  to  the  second  skimming,  at  the  stage  of 
white  metal,  60  min. ;  and  when  blown  to  blister,  125  minutes. 
Under  ideal  conditions,  and  with  a  straight,  single  charge  of 
blast-furnace  matte,  the  following  times  have  been  attained :  to 
the  first  skim,  49  min. ;  to  the  second  skim,  65  min. ;  and  to 
copper,  95  min.  The  first  charge  having  been  poured,  1,000  lb. 
of  siliceous  ore  is  added  in  a  boat  or  scoop  handled  by  the 
crane.  Matte  is  run  in  on  this  material,  which  has  adhered,  in 
part  at  least,  to  the  interior  surface  of  the  converter.  Blowing 
at  once  proceeds,  the  siliceous  ore  saving  the  lining  to  the  ex- 
tent to  which  it  has  been  able  to  satisfy  the  FeO  set  free  in  the 
blow.  As  the  charge  becomes  hot,  a  good  deal  of  so-called 
"  dope,"  consisting  of  slag,  matte,  scrap-copper  and  sweepings, 
is  put  in.  This  is  melted,  lessening  at  the  same  time  the  in- 
tense heat  of  the  reaction.  These  operations  lengthen  the  time 
to  135  min.  on  an  average,  and,  with  10  stalls  in  operation,  from 
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65  to  90  charges  are  put  througli  in  24  hr.  AYliile  the  average 
life  of  a  converter  is  equal  to  six  pourings  of  copper,  a  lining 
may,  at  times,  last  to  as  much  as  from  12  to  15  pourings. 
Forty-per  cent,  matte  is  commonly  used,  yet  as  low  as  30-per 
cent,  has  been  tried,  but  it  makes  less  copper  and  takes  a  longer 
time  to  blow.  Allowing  an  average  of  75  charges  daily  of  9 
tons  each,  675  tons  will  be  converted  in  24  hr.,  producing  from 
40-per  cent,  matte  250  tons,  or  500,000  lb.  of  metal.  As  suc- 
cessive charges  are  put  into  a  converter  its  capacity  increases  by 
the  corrosion  or  eating-away  of  the  lining,  the  charge  which  it 
will  receive  increasing  relatively  until  it  attains  to  12  tons. 

By  this  time,  operations  have  been  pushed  as  far  as  is  pos- 
sible, and  if  the  converter  seems  in  danger  of  breaking-out,  the 
charge  may  be  removed  in  ladles  and  poured  into  other  con- 
verters. It  often  happens  that  regular  charges,  also,  are  treated 
in  this  way,  blowing  the  matte  to  the  first  or  second  skimming 
and  removing  it  in  ladles  to  another  converter,  when  the  orig- 
inal converter  takes  a  fresh  charge  of  40-per  cent,  matte,  and 
does  not  finish  its  own  charge  to  copper.  Spillings  and  clean- 
ings from  the  converter  sometimes  accumulate  beneath  it.  This 
runs  down  upon  the  ground,  covering  over  a  piece  of  wire  rope 
or  a  chain,  which  has  already  been  laid  there,  and  to  which  it 
adheres.  The  crane  lifts  the  mass  by  means  of  the  imbedded 
chain,  pulling  it  from  beneath  the  converter  and  depositing  it 
on  a  4-wheeled  bucket  or  car.  The  car  is  run  within  reach  of 
a  10-ton  traveling-crane  which  commands  the  casting-floor. 
The  crane  takes  it  to  where  it  can  be  broken  up  by  a  drop- 
weight  and  so  be  made  ready  for  recharging,  either  to  the  con- 
verter or  to  the  blast-furnace.  Whatever  material,  either  sweep- 
ings, matte  or  scrap-copper  of  sufiiciently  high  grade,  is  avail- 
able, is  preferably  returned  to  the  converters.  Continual  blow- 
ing from  the  converter  into  the  hood  causes  an  accumulation 
of  solid  material  which  strikes  the  interior  of  the  hood,  falling 
down  to  the  bottom  of  it  at  the  floor-level.  This  material, 
about  24  tons  daily,  or  5.5  per  cent,  of  the  matte  treated,  is 
cleaned  out  and  used  as  "  dope  "  for  the  converters.  The  ladle 
intended  for  the  transfer  of  copper  to  the  refining-furnaces  is 
lined  with  finely-ground  ore  plastered  on  its  interior  to  the 
depth  of  4  in.  This  ore  makes  it  easy  to  remove  the  skull,  and 
also  retains  the  heat  of  the  copper.     In  the  older  practice,  it 
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was  customary  to  blow  a  charge  to  white  metal  and  then  run 
in  another  charge,  the  whole  being  then  finished  to  blister, 
the  operation  being  called  "  doubling."  Charges  are  seldom 
doubled  at  present,  the  course  preferably  pursued  being,  either 
to  finish  the  original  charge  to  copper,  or  to  bring  it  to  the  stage 
of  white  metal,  and  then  distribute  it  to  other  converters. 
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Fig.  15. — Plan  and  Sectional  Elevation  of  Main  Double  Flue. 

XII.  Flues  and  Stacks. 

The  elaborate  system  of  large  flues  and  stacks  at  the  works 

has  been  elsewhere  described.'"     Fig.  15  shows  a  section  and  a 

plan  of  the  double  flue,  and  the  location  of  the  double  hoist. 

At  the  apex  at  the  bottom  of  both  the  single  and  the  double 
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portions  of  the  main  tlues  there  are  315  outlets,  spaced  every  10 
ft.  of  its  length.  These  outlets  are  controlled  by  slides.  A 
covered  charge-car  running  in  the  tunnel  can  be  spotted  under 
any  one  of  these  outlets,  and  by  means  of  a  canvas  sleeve-con- 
nection the  flue-dust  can  be  drawn  quickl}'  into  the  car.  The 
car  is  then  lowered  to  the  beginning  of  the  main  flue,  where  it 
is  transferred  to  a  platform-hoist  by  which  it  is  raised  to  the 
arsenic-plant  bins,  or  to  the  track  which  takes  it  away  to  be 
briquetted  for  the  blast-farnace,  or  to  the  bin  for  supplying  the 
reverberatory  furnaces. 

In  spite  of  the  pains  and  expense  to  which  the  company  has 
been  to  insure  a  thorough  and  harmless  disposal  of  the  gases 
arising  from  the  operations  of  the  plant,  a  raid  has  been  made 
upon  it  by  many  of  the  neighboring  ranch-men  with  a  view  of 
enriching  themselves  by  compensation  for  alleged  damages 
which  they  still  claim  they  incur  from  the  fumes.  These  people 
may  be  divided  into  three  classes :  (1)  those  who  realize  that 
they  are  not  being  damaged  and  who,  consequently,  make  no 
claim  against  the  company;  (2)  those  who  ignorantly,  but 
honestly,  believe  they  are  damaged  ;  and  (3)  those  who,  while 
they  do  not  honestly  believe  this,  still  make  a  claim  for  the  re- 
ward that  there  may  be  in  it.  I*  have  indirectly  experienced  the 
effect  of  such  an  attack  upon  a  company,  normally  liberal  in 
imparting  technical  knowledge  of  its  operations,  which  has 
caused  it  to  be  reticent  where  it  otherwise  would  not  need  to 
be.  The  advance  of  scientific  knowledge  and  the  cause  of 
education  is  often  hampered  by  the  greed  of  men  intent  upon 
personal  aggrandizement. 

In  order  to  show  the  baselessness  of  such  a  claim,  the  fol- 
lowing estimate  of  the  quantities  and  dilution  of  the  gases  has 
been  made  from  their  analyses,  and  from  those  of  the  ores 
smelted. 

Gases  per  minute : 

Pounds. 
48  McDongall  roasters,      .         .     25,600 

8  large,  ]  small  blast-furnace,       12,000 

6  reverberatory  furnaces,  .  6,200 
10  converters,    ....       2,400 


Gases  entering  main  flue,  .         .     46,200,  equaling  693,000  cu.  ft.  per  min. 

The  total  sulphur  evolved  in  24  hr.  is  857  tons,  which  works 
out  in  the  gases  as  2.5  per  cent,  of  sulphur  or  5.0  per  cent.  SO^ 
by  weight  (2.28  per  cent,  by  volume). 
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The  velocity  of  the  air  in  the  single  main  flue  is  6.9  ft.;  in 
the  double  flue,  3.45  ft;  and  in  the  stack,  16.45  ft.  per  second. 

If  the  outer  air  is  still,  the  smoke,  shot  up  at  this  velocity, 
dissipates  itself  largely  in  the  upper  regions.  If  the  velocity 
of  the  wind  is  high,  the  smoke  is  rapidly  torn  apart  and  scat- 
tered. If  the  velocity  of  the  wind  is  moderate,  say  10  miles 
per  hr.,  the  smoke  will  be  seen  to  mount  at  least  as  high  again 
as  the  stack  itself,  thus  reaching  1,000  ft.  above  the  valley.  By 
the  time  it  approaches  the  ground  it  has  attained  a  breadth  of,  at 
least,  4,000  ft.  The  velocity  of  the  wind  being  880  ft.  per  min., 
the  new  volume  will  be  1,000  X  4,000  X  880  =  3,520,000,000  cu. 
ft.  per  min. 

The  dilution  of  the  gases  is,  therefore,  from  693,000  cu.  ft. 
per  minute  to  3,520,000,000,  cu.  ft.,  or  from  2.28  per  cent,  of 
SO2  to  0.00045  per  cent,  of  SO2  by  volume.  Such  a  dilution 
is  so  great  that,  while  a  slight  smell  of  gases  might  be  distin- 
guished, it  is  entirely  negligible,  so  far  as  injury  to  auimal  or 
vegetable  life  is  concerned. 

In  the  various  operations,  an  amount  of  sulphuric  anhydride, 
small  compared  with  the  SO,  gas,  is  also  developed.  This  gas, 
speedily  taking  up  water  from  the  air,  forms  H-^SO^.  It  will  be 
recalled,  in  the  description  of  the  operation  of  the  roaster,  that 
a  portion  of  fine  limestone  is  added  to  the  charge.  The  fine 
particles  of  this  escape  to  the  main  flue  and  neutralize  the 
II2SO4,  forming  calcium  sulphate.  Sulphates  are  also  formed 
in  the  flue-dust  with  other  bases,  notably  copper  and  iron. 
Thus  no  free  SO3  escapes. 

The  heat-operations  eventually  drive  oft'  all  the  arsenic  con- 
tained in  the  ore,  and  the  gases,  as  they  cool  down,  deposit  in 
the  flues  this  element  in  an  oxidized  form.  The  arsenic-bearing 
flue-dust  is  treated  for  the  recovery  of  its  arsenic  as  below 
described. 

XIII.  Arsenic-Plant. 

Of  the  total  quantity  of  flue-dust  taken  from  the  main  flue, 
from  60  to  80  tons  daily,  about  22,000  lb.  of  the  finest  portion, 
collected  in  the  double  flue,  is  taken  to  the  arsenic-plant.  At 
this  upper  portion  of  the  main-flue,  under  the  cooling-influence 
of  the  roof,  the  arsenic-fume  is  condensed,  falling  to  the  bottom 
of  the  flue  and  there  mingling  with  the  flue-dust.  It  is  this 
product  which  is  treated  for  the  recovery  of  its  arsenic. 
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The  cars,  in  which  the  dust  is  received,  are  covered,  and 
hold  from  1,400  to  1,700  lb.  of  flue-dust,  which,  as  it  is  received 
in  them,  weighs  about  55  lb.  to  the  cu.  ft.  The  dust  is  dropped 
into  the  feed-hopper  of  the  Brunton  revolving-hearth  roasting- 
furnace,  of  14  ft.  diameter.  The  charge,  as  the  hearth  revolves, 
is  stirred  b}^  sets  of  blades,  33  in  all,  which  pass  through  the 
roof  of  the  furnace.  The  capacity  of  the  furnace  is  22,000  lb. 
daily,  and  there  is  to  be  another  one  added,  doubling  the  out- 
put. The  roasting  is  performed  at  a  low  heat,  being  at  the 
finish  of  a  just  visible  red  (480°  C),  the  heat  being  kept  up  by 
a  wood-fire  in  a  fire-box  adjoining  the  hearth.  The  hearth  it- 
self revolves  10  times  an  hour,  and  the  dust  delivered  at  the 
axis  is  discharged  at  the  periphery,  arsenic-free,  into  hopper- 
cars  set  below  in  a  tunnel.  Thus  the  flue-dust  is  periodically 
taken  away  to  the  reverberatory-plant.  The  arsenic-fume, 
escaping  from  the  roaster,  is  conducted  through  a  flue  240  ft. 
long,  18  ft.  wide  and  7  ft.  high,  to  an  outlet-pipe  connected 
directly  to  the  main  flue.  The  arsenic-flue  is  interrupted  every 
7  ft.  by  baffle-walls,  upon  which,  and  upon  the  roof  of  the 
flue,  the  crude  arsenic  condenses  and  accumulates  in  crystalline 
form,  containing  from  85  to  92  per  cent,  of  crude  arsenious 
oxide  (As^Og). 

When  a  suflicient  quantity  of  these  crystals  has  accumu- 
lated in  the  flue,  the  roaster  is  shut  down,  and  the  condensed 
fume,  containing  As.^O^,  85,  and  Cu,  4.3  per  cent.,  with  Ag,  8.1, 
and  Au,  0.025  oz.  per  ton,  is  removed  for  further  refining.  This 
operation  is  performed  in  a  reverberatory  roasting-furnace  in 
6-ton  charges,  the  arsenic  being  volatilized,  to  be  again  con- 
densed in  another  flue,  of  dimensions  like  the  former  one.  The 
residues  of  the  operation,  which  remain  on  the  hearth,  are 
about  2  per  cent,  of  the  whole,  and  contain  26  per  cent,  of  AS2O3. 
The  arsenic,  recovered  in  the  flue,  condenses  in  large  white  crys- 
tals on  the  roof  and  walls,  and  contains  99.8  per  cent,  of  As^O-j. " 

The  crystals  are  now  ground  in  a  Sturtevant  burr-mill,  30  in. 
in  diameter,  and  fall  into  a  hopper  having  a  screw-feed  which 
delivers  to  a  second  Sturtevant  mill  for  finer  grinding.  From 
the  hopper  of  this  second  mill,  having  also  a  screw-feed,  the 
powder  is  transferred  and  packed  in  barrels  holding  500  lb., 
which  are  periodically  jolted  by  power  so  as  to  settle  the  con- 
tents in  compact  form. 
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From  the  11  tons  of  flue-dust  put  through  daily,  from  11  to 
18  tons  of  arsenic  are  recovered  monthly,  being  from  3.3  to  5.5 
per  cent,  of  the  flue-dust.  The  product  finds  a  ready  market, 
the  present  price  of  white  arsenic  being  from  6c.  to  7c.  per 
pound. 

The  workmen  are  protected  against  the  poisonous  eflJect  of 
the  fumes  by  the  use  of  cotton  in  the  nose  and  ears,  by  aspi- 
rators worn  over  the  mouth  and  nose,  by  not  working  hard 
enough  to  perspire,  by  washing  carefully  after  working  and  by 
anointing  the  exposed  portions  of  the  face  with  a  paint  of  freshly 
precipitated  ferric  hydroxide  rubbed  on  with  the  fingers. 

XIV.  Coke-Washing  Plant. 

The  droppings  from  the  grates  of  the  reverberatory  furnaces 
consist  of  ashes,  cinders  of  sizes  up  to  fist-size,  coke  arising 
from  the  coking  of  coal  as  it  comes  through  the  fire-bed,  and 
sometimes  pieces  of  coal  yet  unconsumed.  The  amount  of 
coked  material  exceeds  10  per  cent,  of  all  the  coal  fed  to  the 
fire-boxes.  These  droppings  fall  down  into  a  stream  of  water, 
which  sweeps  them  away,  the  force  of  the  water  being  sufiicient 
to  carry  along  even  the  larger  pieces  of  slagged  cinder.  All 
passes  over  a  grizzly,  with  bars  spaced  1.5  in.  apart,  which  re- 
moves the  large  lumps.  The  remainder  is  sluiced  to  the  coke- 
washing  plant,  350  ft.  down  the  hill,  and  in  front  of  the  rever- 
beratory building.  Here,  all  is  received  into  a  V-shaped  set- 
tling-tank, 20  ft.  long  by  6  ft.  wide,  divided  in  half  by  a  trans- 
verse partition.  This  arrangement  serves  to  unwater  the  ma- 
terials, while  from  two  gates  at  the  bottom,  intermittently 
opened  (8  times  per  min.)  by  the  action  of  the  jig,  a  supply 
comes  out  to  each  of  the  single-compartment  jigs,  each  24  by 
36  in.,  with  a  9-in.  overflow,  a  4-in.  bed  and  a  ISTo.  4  screen. 
When  the  supply-gate  of  the  jig  opens,  a  quantity  of  material 
flows  out  to  the  jig.  This  must  be  closely  watched,  since  either 
the  concentrates  (cinders)  or  tailings  (coke)  may  collect  very 
rapidly.  There  is  a  center-discharge  for  the  heavy  portion, 
which  is  sluiced  away  to  the  dump.  The  washed  coke  next 
flows  by  a  launder  to  a  0.25-in.  mesh  trommel,  which  takes  out 
a  great  deal  of  dirt  and  ashes  as  well  as  a  little  fine  coke.  The 
oversize  of  the  trommel  discharges  to  the  buckets  of  an  in- 
clined endless-chain  elevator,  which  takes  it  to  a  hopper-bottom 
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bin  located  to  command  the  track  at  the  west  end  of  the  con- 
verter-building. Here,  it  is  drawn  otf  into  5-ton  hopper-bottom 
cars  to  be  taken  to  one  of  the  stock-bins,  whence  it  is  drawn 
oif  as  needed  to  be  mixed  for  the  briquettes. 

XV.  Slime-Ponds. 
Upon  the  flat  ground,  below  the  works,  are  located  the  set- 
tling-ponds where  the  concentrator-slimes  are  collected.  On  the 
plan.  Fig.  1,  showing  the  track-system,  adjoining  the  concen- 
trator plant  is  a  building  670  by  70  ft.  in  size,  beneath  which 
run  six  tracks.  This  building  contains  a  series  of  settling-tanks, 
the  object  of  which  is  to  unwater  the  fine  concentrates  from  the 
tables,  the  final  overflow  therefrom  being  conducted  by  launder 
to  the  slime-ponds,  half  a  mile  distant.  The  space  occupied  by 
these  ponds,  about  1,000  ft.  square,  is  divided  into  six  rectangu- 
lar divisions,  each  630  by  300  ft.  The  discharge  of  the  launders 
is  directed  into  the  ponds,  the  contained  water  either  flowing 
away  or  evaporating.  Any  one  of  the  divisions  maybe  cutout 
and  its  contents  removed.  To  do  this  a  Lidgerwood  traveling 
cable-way  is  used,  stretched  from  tower  to  tower  across  the 
ponds.  The  slimes  are  dug  out  by  a  scoop,  and  piled  up  at  the 
edge  of  the  division,  where  they  drain.  The  towers  are  mounted 
on  wheels,  and  may  be  moved  like  a  gantry-crane,  to  operate 
over  any  part  of  the  pond.  Near  one  of  the  towers  is  placed  a 
movable  hopper-bin,  having  a  track  below,  by  which  50-ton  hop- 
per-bottom cars  may  be  brought  to  the  chute  of  the  bin.  The 
drained  slimes  are  transferred  by  the  cable-way  to  the  bins, 
thence  to  be  drawn  off  into  the  cars.  These  cars  discharge 
their  contents  at  the  inclined-bottom  bins  of  the  briquette-plant 
or  to  the  bin  of  the  clay-mill  at  the  converter-plant.  The 
j)ond-slimes  at  the  old  works  of  the  company,  when  dried,  con- 
tain more  than  5  per  cent,  of  copper,  an  analysis  from  Hofman's 
paper"  being:  Cu,  4.8;  Fe,  5.1;  S,  7.4;  SiO„  53.4;  AlA,  20.7 
per  cent,  and  Ag,  2.8  oz.  per  ton,  being  practically  a  clay,  still 
retaining  a  portion  of  the  sulphides.  This  aflbrds  a  very  accept- 
able binder  both  for  briquettes  and  for  converter-lining,  and 
all  the  copper  is  recovered.  The  slimes  from  the  ponds  above 
described  contain  but  2.8  per  cent,  of  copper,  and  2.6  oz.  of  sil- 
ver per  ton. 

"  Trans.,  xxxiv.,  268  (1904). 
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XYI.  Brick-Plant. 

The  brick-plant,  like  the  foundry  and  machine-shops  of  the 
company,  is  situated  in  the  town  of  Anaconda,  two  miles  distant 
from  the  reduction-plant.  The  brick-plant  is  devoted  largely 
to  the  manufacture  of  silica  bricks,  which  are  used  extensively 
in  the  construction  of  the  reverberatories,  as  well  as  for  the 
crucibles  and  fore-hearths  of  the  blast-furnaces. 

For  these  bricks  a  local  silica  rock  is  used  containing  SiO.^, 
96;  FeO,  0.3  ;  Al.Og,  2.6  ;  and  CaO,  0.6  per  cent. 

This  material  is  crushed  for  use  in  brick-making.  For  sand- 
ing the  molds,  and  for  mortar  for  laying  these  bricks,  a  quartz 
from  Dillon,  Mont,  is  used,  but,  because  of  its  friable  nature,  it 
is  not  suited  for  brick-making.  It  contains  SiO^,  97.5  ;  FeO, 
0.1 ;  AIA,  1-7;  and  CaO,  0.2  per  cent 

The  quartz  rock  for  brick-making  is  first  crushed  through  a 
Blake  crusher,  and  is  elevated  to  a  trommel  with  0.75-in.  holes, 
the  oversize  going  to  rolls  and  thence  back  to  the  trommel, 
while  the  undersize  passes  to  a  storage-bin.  The  material  is 
drawn  from  the  bin  in  barrows,  there  being  added  to  each  load 
a  shovelful  of  lime-paste,  so  that  2  per  cent,  of  the  mass  consists 
of  CaO.  This  is  dumped  into  a  wet-pan,  where  it  is  mixed  and 
ground  in  batches  until  the  larger  particles  of  the  rock  are  no 
larger  than  will  pass  a  0.25-in.  hole.  From  the  pan  it  goes  to 
the  molding-table  and  is  hand-molded,  using  Dillon  sand  for 
sanding  the  molds.  The  freshly-molded  bricks  are  loaded  on 
pallets,  placed  on  iron  dryer-cars,  and  go  to  the  slow-drying  room, 
where,  with  a  good  circulation  of  air,  they  are  partly  dried.  At 
this  stage  they  are  re-pressed  in  power  re-pressing  brick-ma- 
chines, and  sent  on  iron  dryer-cars  to  the  hot-finishing  drying- 
room.  Here,  they  undergo  a  thorough  drying-out  at  a  high 
temperature  given  the  room  bj^  an  elaborate  system  of  steam- 
coils  set  just  below  the  floor-level.  A  good  circulation  of  air 
through  these  coils  carries  up  the  heat  to  contact  with  the  brick. 
The  dried  brick  are  then  transferred  to  the  down-draft  kilns,  each 
having  a  capacity  of  30,000  bricks.  The  kilns  are  fired  vigor- 
ously, it  being  found  that  the  highest  temperature  attainable 
does  not  warp  or  fuse  the  brick,  though,  of  course,  the  lime 
binding-material  causes  enouo:h  sinterino;  to  insure  sufficient 
strength  and  compactness.  A  variety  of  sizes  and  Idnds  are 
made,  so  that,  besides  the  regular  9-  by  4.5-  by  2.5-in.  brick,  those 
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of  12  and  15  in.  in  length  are  to  be  had.  These  larger  sizes 
are  particularly  well  adapted  for  the  thicker  walls  and  roof  of 
the  heavier  melting-furnaces  now  in  vogne.  Table  II.  shows 
the  composition  of  Anaconda  silica  brick  and  of  other  silica 
bricks  by  way  of  comparison.  Table  III.  gives  the  analysis  of 
Anaconda  and  of  other  clay  fire-brick,  some  of  which,  because 
of  their  high  alumina  contents,  are  very  resistant  to  basic  slags. 


Table  II. —  Composition  of  Silica  Brick. 


Anaconda 

Anaconda 

W.  H.  Haws  Fire  Brick  Co.,  Mt. 

Union,  Pa 

Fayette  Manufacturing  Co 


SiOa. 

AI2O3. 

FeaOs. 

CaO. 

Per  Cent. 
97.2 
97.0 

97.2 
96.6 

Per  Cent. 

Per  Cent. 
1.1 
2.1 

0.2 
0.55 

Per  Cent. 
1.0 
0.9 

0.76 
1.8 

1.4 
0.6 

MgO. 


Per  Cent. 


0.35 
0.33 


Table  III. —  Composition  of  Clay  Fire-Brick. 


Denniff  (Anaconda) 

Curtis  No.  4  (Anaconda) , 

Acme 

Laclede,  St.  Louis,  Mo 

Evens  &  Howard,  St.  Louis,  Mo.. 
Harbison    &   Walker,     Pittsburg 

Pa.  (converter-tuyeres) 

Garl  Craig  (Scotch) 


SiOa. 

AloOs. 

FesOg. 

CaO. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

74.2 

21.7 

3.4 

0.0 

72.8 

23.7 

3.0 

0.0 

54.0 

44.0 

1.6 

1.0 

60.9 

33.6 

4.6 

1.6 

63.3 

33.6 

1.9 

0.7 

50.4 

42.8 

3.7 

1.0 

72.4 

23.4 

2.4 

0.0 

MgO. 


Per  Cent. 
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Methods  of  Mining,  Hauling,  and  Screening  at  the  Mines 
of  the  Aldrich  Mining  Company,  at  Brilliant,  Alabama. 

BYT.   H.   ALDRICH,  JR.,  BIRMINGHAM,  ALA. 

(London  Meeting,  July,  1906.) 

I.  Introduction. 

The  Aldrich  Mining  Co.  holds  under  lease  from  the  Illinois 
Central  R.  R.  Co.  about  14,000  acres,  in  the  east  half  of  Township 
12,  Range  12  W".,  in  Marion  county,  Alabama,  and  owns  other 
lands,  of  which  about  1,000  acres  adjoin  this  leased  tract,  mak- 
ing a  total  area  of  about  15,000  acres,  all  of  which  is  underlain 
by  the  coal-seam  upon  which  the  company  is  operating.  This 
seam  is  nearly  horizontal;  and  a  ravine,  diagonally  crossing 
the  tract,  exposes  the  outcrop  on  either  side  for  about  2  miles. 
The  territory  has  been  so  divided  that  nearly  the  whole  of  it 
can  be  worked  out  by  two  collieries. 

The  mines  at  Brilliant  were  opened  in  the  fall  of  1898,  and 
shipments  began  in  the  following  spring.  The  original  plan 
was  to  furnish  steam-coal  for  locomotives  to  the  Illinois  Central 
R.  R.  Co.;  and  upon  this  expectation  the  investment  of  capital 
was  made.  The  field  was  entirely  new ;  and  the  softness  of  the 
coal  at  the  outcrop  induced  the  belief  that  it  could  be  very 
cheaply  mined.  A  contract  for  the  delivery  of  a  large  quantity 
of  coal  to  the  railroad  was  accordingly  executed.  But  with  the 
advance  of  the  entries  to  increasing  distances  from  the  outcrop, 
the  coal  proved  so  hard  that  it  could  no  longer  be  drilled  with 
a  breast-auger;  and  the  expense  of  mining  became  so  great 
that  the  contract  for  cheap  steam-coal  had  to  be  canceled.  It 
became  evident  that  the  work  must  be  done  with  machinery 
and  explosives,  if  it  could  be  profitably  done  at  all. 

On  the  other  hand,  the  excellent  quality  of  this  coal  opened, 
at  the  same  time,  a  possible  market  not  specially  contemplated 
at  the  outset — namely,  that  of  a  first-rate  coal  for  domestic  and 
general  uses.  Since  no  other  deposit  of  such  coal  was  known 
to  exist  on  the  line  of  the  Illinois  Central,  or  any  other  railroad 
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available  as  customer  or  carrier,  and  since  the  tract  controlled 
bj  the  Aldrich  Mining  Co.  could  furnish  for  a  hundred  years 
a  large  annual  tonnage,  it  was  obviously  Avorth  while  to  make 
extensive  experiments,  in  order  to  perfect  a  system  of  mining, 
haulage,  dumping,  etc.,  which  would  effect  the  minimum  cost 
of  production — including  under  "cost"  the  items  (known  to  all 
mining-managers  as  vitally  important)  of  maintenance,  repairs, 
interruptions,  superintendence,  etc.,  as  well  as  those  of  con- 
struction, installation,  and  normally  requisite  labor.  Moreover, 
it  was  necessary  to  a  successful  system  that  it  should  yield  a 
product  suited  to  the  special  market  accessible  to  us. 

It  is  the  purpose  of  this  paper  to  state  with  sufficient  full- 
ness the  conditions  of  this  problem,  and  the  solution  reached 
under  those  conditions,  without  going  into  such  minute  details 
as  might  both  transcend  the  limits  of  available  space  and  ob- 
scure the  main  outline  of  the  principles  followed.  It  is  not 
assumed  that  the  practice  here  described  would  be  the  best  for 
other  localities  and  circumstances. 

The  situation  which  we  had  to  confront  comprised  three  prin- 
cipal questions,  involving  the  best  method,  respectively,  of  min- 
ing, hauling,  and  dumping.    These  will  be  considered  in  order. 

II.  Mining. 

The  coal-seam  was  only  80  in.  thick,  and  almost  horizontal 
in  position.  It  presented  no  "  butts  "  or  "  faces,"  and  the  coal 
was  so  tight  between  the  top  and  bottom  that  it  could  not  be 
shot  "  from  the  solid."  I  have  seen  chunks,  6  ft.  wide  and  4  ft. 
deep,  thrown,  by  the  firing  of  holes  containing  40  in.  of  powder, 
to  such  a  distance  from  the  face  that  a  man  could  crawl  entirely 
around  them;  and  yet  the  coal  remained  as  tight  between  top 
and  bottom  as  before.  There  were  no  partings  or  soft  streaks 
whatever.  The  roof  was  sometimes  sandstone  and  sometimes 
slate,  usually  stratified  sandstone.  The  bottom  was  fire-clay 
for  about  4  in.;  then  gritty  clay  for  10  in.;  then  sandstone. 
The  clay  was  too  hard  to  be  satisfactorily  worked  with  any 
kind  of  machine ;  and  sometimes  the  sandstone  came  up  to  the 
coal,  with  no  clay  between.  Although  the  roof  was  excellent, 
and  the  mines  were  comparatively  dry,  mining  was  very  difli- 
cult.     We  tried : 

1.  The  long-wall  system,  using  hand-labor  with  picks.    This 
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worked  well ;  but  the  necessary  number  of  skilled  miners  could 
not  be  obtained. 

2.  The  long-wall  machine,  which  likewise  gave  good  results, 
but  was  open  to  the  same  objection. 

3.  Shooting  the  fire-clay  from  the  solid,  and  then  breaking 
down  the  coal  with  the  pick. 

4.  A  modified  long-wall  system,  using  narrow  rooms,  driven 
by  hand,  and  then  slabbed  with  a  long-wall  machine,  which 
was  run  up  one  side  and  down  the  other,  the  face  being  fol- 
lowed with  a  slip  track. 

5.  Cutting  the  bottom  with  compressed-air  "punchers." 

6.  Under-cutting  the  coal  in  the  same  way. 
Experiments  3,  4  and  5  were  semi-successful;  but  the  only 

really  successful  one  was  iSTo.  6,  in  which  the  puncher  cut  the 
coal.  When  the  bottom  only  was  thus  cut  (No.  5),  there  was 
a  tendency  on  the  part  of  the  machine-men  to  keep  coming  up 
into  the  coal;  or,  perhaps,  the  following  machine-man  would 
cot  deeper  than  his  predecessor,  thus  leaving  the  bottom  in 
bad  condition  for  laying  the  track.  Moreover,  it  was  difficult 
to  get  the  men  to  cut  the  bottom  at  a  reasonable  rate  of  pay; 
and  sometimes  the  operation  was  impracticable,  because  the 
cuttings  of  fire-clay  formed  a  sort  of  mush  which  could  not  be 

handled. 

Commercial  Considerations. 

Besides  the  direct  cost  of  mining  a  given  weight  of  coal, 
special  commercial  considerations  were  involved  in  our  problem. 
The  hardness  of  our  seam  prevented  us  from  competing  with  in- 
numerable other  producers  of  steam-coal,  but  made  us  the  only 
producers  of  high-grade  domestic  coal  within  a  large  region,  es- 
pecially in  Alabama.  Our  lump-coal  "  stocks  "  well,  not  being 
liable  to  spontaneous  combustion,  or  to  serious  decrepitation. 
After  lying  for  eight  months  in  piles  on  the  ground,  it  loses,  in 
passing  over  the  same  screen,  only  2  per  cent.  This  enables  us 
to  accumulate  at  the  mines  so  much  of  our  summer  output  as 
our  customers  will  not  buy  and  stock  for  themselves.  (The 
market-price  is  higher  in  winter,  when  everybody  wants  coal ; 
and  Alabama  consumers  have  learned  to  save  money  by  pur- 
chasing at  summer-rates.  But  the  contrary  custom  has  long 
obtained  in  Mississippi ;  and  such  habits  are  hard  to  change.) 
While  we  would  be  glad  to  make  immediate  summer-deliveries 
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at  summer-rates,  we  must  stock  our  own  coal  somewhere,  if  our 
customers  prefer  not  to  do  so ;  for,  as  all  colliery-managers 
know,  fluctuations  in  the  labor-force  and  in  output,  due  to  fluc- 
tuations in  market-demand,  are  economical  evils  of  the  worst 
class,  injuring  employers,  employees  and  consumers  alike.  We 
have  found  that  by  stocking  coal  at  the  mines,  instead  of  the 
yards  where  it  is  sold,  we  can  save  as  much  as  40c.  per  ton — 
partly  in  interest  on  the  high  freight-rates  to  local  railroad  sta- 
tions, which  we  thus  avoid  paying  until  the  coal  is  actually 
called  for. 

Since  lump-coal  is  our  chief  profitable  product,  and,  more- 
over, the  size  which  can  be  stocked,  as  above  described,  with 
minimum  loss,  it  is  obvious  that  we  must  produce  as  large  a 
proportion  of  lump-coal  as  possible,  and  that  the  size  so  de- 
nominated shall  be  as  small  as  can  be  sold  to  consumers,  or 
stocked  without  deterioration.  This  size  has  been  fixed  by  expe- 
rience to  be  that  obtained  by  the  use  in  the  screen  of  round  2-in. 
holes,  as  further  described  below.  The  maximum  production 
of  such  lump-coal  requires  the  reduction  of  the  machine-cutting 
of  coal  to  a  minimum.  As  already  explained,  we  found  it  bet- 
ter to  do  the  under-cutting  in  the  coal  than  in  the  floor.  This 
being  the  case,  it  was  important  to  know  which  machine  would 
give  us,  as  a  net  result,  the  largest  proportion  of  "lump,"  and 
the  most  favorable  proportions  of  "  nut "  and  "  slack."  Our 
experience  thus  far  has  indicated  the  Harrison  "P.  G."  type  as 
the  best  i'or  our  special  case,  on  account  of  its  ability  to  make 
a  very  low  cut.  The  use  of  this  machine  gives  us,  of  the  total 
coal  broken,  about  65  per  cent,  lump  (worth,  say,  $2.10  per  ton),, 
and  35  per  cent,  nut  and  slack  (worth,  say,  f  1.10  per  ton).  As. 
compared  with  other  machines  which  we  have  tried,  and  which 
yielded  a  smaller  proportion  of  lump,  this  might  save,  upon, 
the  mining  of  500  tons  daily,  for  275  days  in  the  year,  more 
than  $30,000. 

Nature  of  Motive  Power. 

The  coal-cutting  machines  are  run  by  compressed  air,  ulthough. 
electric  power  is  used  for  haulage.  Undoubtedly  a  large  fur- 
ther saving  could  be  eflected  by  the  use  of  electrically-trans- 
mitted power  for  coal-cutting,  which  would  eliminate  the  seri- 
ous cost  of  purchasing,  laying,  maintaining,  repairing  and  re- 
newing pipes,  hose,  hose-fittings  and  valves,  besides  reducing, 
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the  items  of  fuel  and  power-house  expenses.  lu  so  small  a 
seam,  the  amount  of  coal  won  for  a  given  amount  of  cutting  is 
relatively  small ;  that  of  pipe-laying  per  ton  is  correspondingly 
large,  the  distance  to  be  covered  with  pipes  increasing  very 
rapidl}' ;  and  the  pipe  remaining  permanently  in  the  mine, 
practically  never  to  be  recovered,  represents  in  all  $10,000  per 
75,000  tons  of  coal  mined.  Moreover,  we  have  found  the  effi- 
ciency of  the  power  transmitted  by  compressed  air  to  be  small 
in  our  practice.  The  coal  burned  at  the  power-house  for  each 
of  our  collieries  is  approximately  175  tons  per  month  for  each 
100  tons  of  coal  mined  per  day.  Again,  the  mine-water  rapidly 
corrodes  our  pipes  and  valves ;  all  of  the  latter  constantly 
leaking.  Finally,  the  workmen  habitually  turn  on  the  com- 
pressed air,  in  order  to  blow  the  smoke  away,  after  blasting; 
and  it  is  difficult  to  prevent  this  waste  of  power.  These  facts 
warrant  the  conclusion  that,  for  our  particular  conditions,  the 
electric  transmission  of  power  for  the  cutting  of  coal  would 
effect  a  large  saving  in  running-expenses. 

Labor-Costs. 

As  already  explained,  mining  is  done  by  contract,  each  con- 
tractor receiving  one  machine  and  one  entrj',  and  delivering 
the  coal  on  a  large  car  for  75c.  per  ton  (or  on  a  small  car, 
where  the  old  system,  involving  switches,  is  still  in  use,  at  65c. 
per  ton).  He  pays  his  men  according  to  a  schedule  lixed  an- 
nually on  July  1,  by  agreement  between  the  company  and  the 
men,  from  which  he  is  not  permitted  to  depart.  The  labor- 
union  known  as  "  The  United  Mine- Workers  of  America,"  for- 
merly organized  in  this  locality,  insisted  upon  the  system  fol- 
lowed in  Indiana  and  Pennsylvania,  according  to  which  the 
company  pays  for  the  cutting,  and  the  miners  contract  for  the 
rest  of  the  work — cleaning-up,  timbering,  track-laying,  etc. 
This  system  would  be  advantageous  for  both  the  company  and 
the  miners,  if  the  latter  were  loyal  and  industrious.  Unfortu- 
nately, in  our  district,  the  men  were  like  spoiled  children,  reck- 
lessly disregarding  both  their  own  interest  and  that  of  their 
employers,  and  working  or  not  working,  according  to  their 
whim.  Under  the  system  mentioned,  we  found  that  twice  as 
many  rooms,  and  nearly  twice  as  many  men,  were  required  for  a 
given  output,  and  that  this  output  was  very  irregular.     On  some 
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days,  all  the  rooms  would  be  only  partly  cleaned,  so  that  none 
were  ready  for  the  machine.  On  other  days,  all  the  rooms 
would  be  ready  simultaneously,  while,  of  course,  the  machine 
was  not  available  for  all  at  once.  It  was  impossible  to  get  the 
men  to  clean  up  the  rooms  so  that  they  could  be  made  ready 
for  the  machine  in  regular  succession;  and  consequently  they 
were  continually  wrangling  for  precedence  in  this  respect. 
Under  these  conditions,  the  output  of  coal  per  machine  was  on 
one  day  30  tons ;  on  the  next,  perhaps,  nothing ;  and  the  aver- 
age was  not  much  more  than  15  tons.  Under  the  contract  sys- 
tem now  in  force,  the  average  output  is  somewhat  more  than 
30  tons  per  day.  A  man  desiring  to  leave  one  contractor  and 
to  work  for  another  must  either  have  the  consent  of  the  for- 
mer, or  give  three  days'  notice. 

The  following  is  the  present  wage-schedule : 

Coal-shooters,  $2.50  per  day;  machine-runners,  $0,045  per 
ft.,  or  $2.50  per  day;  machine-scrapers,  $0.03  per  ft.,  or  $1.50 
per  day;  daily  wages  of  drivers  (one  mule),  $1.40;  (2-mule 
teams),  $1.65 ;  (3-mule  teams),  $1.75 ;  track-men,  $2.25;  miners, 
$2.25;  outside  labor,  $1.25;  blacksmiths,  $2.35  ;  helpers,  $1.25 
to  $1.50;  car-trimmers,  $1.25;  couplers  (boys),  $0.90;  (men), 
$1.35;  motor-runners,  $1.50  ;  dinkey-engineer,  $45  per  month; 
weighman,  $40  per  month, 

III.  Hauling. 

We  tried  several  systems  of  hauling,  employing  at  first  1-ton 
cars,  30  in.  high,  which  were  loaded  in  the  rooms.  This  re- 
quired 10  in.  of  bottom  to  be  taken  up  in  the  rooms,  and 
switches  to  be  placed  at  the  room-necks.  Later,  we  gained  the 
necessary  head-room  from  the  top,  instead  of  the  bottom,  be- 
cause the  latter,  when  blasted,  came  up  badly,  leaving  "  pot- 
holes," and  not  lifting  in  slabs  or  flakes.  Still  later,  the  cars 
were  remodeled,  so  as  to  be  exceptionally  wide  and  only  18 
in.  high  from  the  top  of  the  track-rail.  This  made  the  place 
of  loading  so  low  that  it  was  impossible  to  use  any  end-gate. 
We  experimented  with  perhaps  100  kinds  of  gates,  using  a 
sloping  iron-plate ;  a  bar  across  the  front ;  a  chain  across  the 
front;  half  an  end ;  and  all  manner  of  devices  to  keep  the  coal 
from  coming  out.  All  failed,  because  the  lumps  were  so  large, 
and  the  space  in  which  to  load  them  was  so  small.     When 
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the  coal  was  shot  down,  the  center  yielded  large  flat  flakes, 
while  the  top  and  bottom  of  the  seam  broke  with  a  cubical 
fracture,  and  gave  a  good  deal  of  small  coal,  in  addition  to 
which  the  machine-cuttings  had  to  be  loaded  and  hauled  out. 
The  coal  spilled  badly  in  the  gangways,  causing  many  wrecks, 
much  loss  of  coal,  many  crippled  mules,  and  great  expense  for 
keeping  the  roads  clean  and  the  ditches  open. 

We  tried  next  a  large  car,  6  ft.  long,  6  ft.  wide  and  14  in. 
high,  running  on  a  3-ft.  gauge,  with  the  wheels  up  in  the  car- 
body,  protected  with  a  cast-iron  housing.  This  was  satisfac- 
tory in  many  respects;  but,  proving  clumsy  to  handle  and  to 
put  on  the  track,  difficult  to  oil,  and  requiring,  moreover,  the 
keeping  of  the  track  very  clean,  it  was  Anally  abandoned. 

"We  then  tried  to  increase  the  capacity  of  the  car  by  running 
the  bottom  plank  under  the  axle,  instead  of  over  it,  and  in- 
creasing the  length,  height  and  width  of  the  car  to  a  maximum. 
This  experiment  was  also  a  failure,  because  the  least  little  lump 
on  the  roadway  would  cause  a  wreck.  Besides,  for  a  product 
of  400  tons  a  day,  it  involved  the  daily  handling  of  800  small 
mine-cars,  holding  only  1,000  lb.  of  coal  each,  and  thus  re- 
quired so  many  cars  and  mules,  besides  involving  so  much 
difficulty  on  the  tipple,  that  a  larger  car  was  indicated  as  an 
absolute  necessity.  Moreover,  by  reason  of  the  thinness  of  the 
seam,  the  rooms  were  worked  out  so  fast  that  this  system  had 
not  a  sufficient  radius  of  action  without  serious  increase  of 
cost. 

Then  we  tried  the  old  Welsh  buggies,  delivering  the  coal  to 
cars;  and  finally  we  adopted  a  type  of  buggy  made  with  two 
rib-irons,  four  trunnion-wheels  on  the  sides  of  the  irons,  and 
five  pieces  of  plank,  with  no  draw-bars,  bumpers  or  end-gates. 
(Later,  end-gates  were  adopted,  consisting  of  a  plank  lifting  out 
between  two  guides,  similar  to  the  tail-gate  of  a  wagon.)  These 
buggies,  which  were  used  in  the  rooms  only,  had  14-in.  wheels, 
were  very  light  and  cheap,  could  be  pushed  easily,  and  were 
hung  so  low  that  the  bottom  was  on  a  level  with  the  top  of  the 
rail,  and  the  miner  could  load  the  largest  lumps  over  the  sides 
or  ends,  without  laboriously  building  up  the  load.  Fig.  1 
shows  the  construction  of  such  a  buggy. 

This  is  the  system  now  employed.  At  the  mouth  of  the 
room-neck,  one  "  brushing-shot,"  tearing  down  3  ft.,  is  made, 
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and,  when  the  buggies  have  been  pushed  to  this  point,  the  coal 
is  transferred  with  a  shovel  from  the  buggies  to  large  cars  in 
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Fig.  1. — Coal-Buggy.     Built  by  the  Decatur  Car-Wheel  Manu- 
facturing Co.  FOR  THE  AlDRICH   MiNING  Co. 

the  entry,  holding  3  tons  each,  and  having  solid  ends.     The 
construction  of  these  cars  is  shown  in  Fig.  2. 

The  main  entry  is  laid  with  25-lb.  rails,  with  splice-bars  and 
bonds ;  there  are  no  room-neck  switches ;  no  coal  is  spilled  in 
the  roadway ;  no  cleaning  of  track  is  necessary ;  and  the  haul- 
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ing  is  clone  entirely  by  electric  power,  mules  being  dispensed 
with  altoo-ether. 


END  ELEVATION 


FiG.  2. — Three-Ton  Coal-Cae  of  the  Aldrich  Mining  Co. 


As  already  explained,  mining  is  done  by  contract.     Each 
contractor  takes  charge  of  one  machine  and  one  entry,  and,  as 
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a  rule,  turns  out  30  tons  a  day,  the  company  taking  the  coal 
from  him  at  75  cents  per  ton  on  the  3-ton  cars.  Such  a  con- 
tract, delivering  30  tons  a  day,  requires  10  large  cars,  5  of 
which  are  pushed  into  place  in  the  morning  and  removed  at 
noon,  when  the  other  5  are  put  in  their  place.  The  motor 
makes  two  trips  a  day  to  each  entry.  On  each  trip,  the  front 
car  is  a  rock-car,  having  side-dumps,  and  holding  6  tons  of 
rock,  which  is  about  half  of  one  "brushing-shot."  With  the 
two  rock-cars  furnished,  the  contractor  can,  therefore,  clean  up 
a  brushing-shot  each  day.  Since  these  cars  are  of  the  same 
size  as  the  coal-cars,  he  can  load  them  with  coal  if  desirable. 

The  advantages  of  this  system  of  buggies,  combined  with 
large  cars  and  electric  haulage,  are  as  follows  : 

1.  The  absence  of  switches  makes  pipe-laying  easy.  Some- 
times an  entry  will  go  0.25  mile  without  encountering  water, 
and  suddenly  there  will  be  so  much  water  in  one  place  that  a 
suction-pipe  or  a  pump  must  be  installed.  Under  the  old  sys- 
tem, this  pipe  might  have  to  go  under  a  dozen  switches,  at 
great  trouble  and  expense. 

2.  'No  top  is  taken  down  and  no  bottom  is  taken  up  in  the 
rooms,  since  the  buggy  follows  the  seam.  Under  the  old  sys- 
tem, the  '^ yardage"  paid  for  this  work  of  "room-brushing" 
amounted  to  6.1c.  over  and  above  the  mining-pay  of  65c.  per 
ton,  making  the  total  labor-cost  71.1c.  per  ton,  of  which  the 
loaders  got  20c.  Under  the  present  system,  5c.  more  is  allowed 
to  loaders,  and  5c.  to  the  contractor,  making  the  cost  of  the 
coal  on  the  big  car  75c.  as  against  71.1c.  per  ton.  Experience 
has  shown  that,  besides  receiving  more  per  ton,  the  loaders 
load  more  tons  per  da}'.  They  never  have  to  wait  for  cars. 
The  large  cars  spill  no  coal  on  roadways.  The  cost  of  the 
maintenance  of  cars  is  smaller,  as  is  also  the  number  of  cars 
rec[uired. 

3.  The  smooth  main  track  permits  of  high  speed,  thus  giv- 
ing the  motor  greater  range  of  action,  and  securing  a  greater 
utilization  of  gangways  and  tracks,  in  proportion  to  the  re- 
pairs inevitably  required  by  lapse  of  time. 

4.  Drivers  and  mules  are  eliminated. 

5.  Many  fixed  charges  and  contingent  expenses,  such  as 
mule-feed  in  time  of  strike  or  shut-down,  are  greatly  reduced. 

6.  Per  ton  of  capacity,  the  investment  in  cars  is  much  smaller. 
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One  of  the  old  cars  weighed  1,000  lb.,  held  1,000  lb.  of  coal  and 
cost  §33  made  up.  One  of  the  cars  now  used  weighs  2,000  lb., 
holds  6,000  lb.  of  coal,  and  cost  $47.  In  other  words,  the  dead 
weight,  formerly  equal  to  the  weight  of  coal,  is  now  onh-  one- 
third  thereof. 

7.  By  reason  of  the  superior  design  of  the  present  cars,  the  cost 
of  maintenance  per  car  is  no  greater  than  before;  and,  since 
the  number  of  large  cars  per  ton  of  coal  mined  is  much  smaller, 
the  actual  expense  of  this  item  per  ton  is  only  one-fifteenth  of 
what  it  used  to  be. 

8.  This  system  requires  no  additional  excavation.  For  both 
sizes  of  cars,  the  entry  must  have  practically  the  same  dimen- 
sions— namely,  a  height  of  5  ft.  4  in.  above  the  rail  and  a  width 
of  8  ft.  The  satisfactory  operation  of  any  such  system  depends, 
of  course,  upon  the  perfection  of  its  details.  Some  of  these 
will,  therefore,  be  more  particularly  described. 

Car-  Wheels. 

The  wheels  of  mine-cars  are  subjected  to  exceptionally  severe 
wear  and  rough  usage.  The  cars,  having  neither  buffers  nor 
brakes,  are  jammed  together  or  jerked  apart  in  hauling,  or  vio- 
lently checked  by  "  spragging  " ;  the  tracks  are  not  kept  in 
perfect  condition  or  repaired  oftener  than  is  absolutely  neces- 
sary, and  the  wheels  are  consequently  jolted  over  irregularities 
and  bad  joints,  or  thrown  off  the  rails  by  unnoticed  obstacles, 
and  rudely  jerked  on  again;  frequently  they  are  covered  with 
water;  the  gangways  are  dark,  and  close  supervision  of  the 
haulage  is  impracticable ;  it  is  not  alwajs  easy  to  detect  the 
necessity,  or  perform  the  process,  of  lubrication  ;  and,  finally, 
the  employment  of  as  little  and  as  cheap  labor  as  possible  is  re- 
quired in  the  operation  of  trains.  On  the  other  hand,  the  di- 
rect expense  of  repairs  to  the  cars,  and  the  inconvenience  and 
interruption  thereby  occasioned  (which  may  amount  to  a  still 
greater  loss),  render  it  vitally  important  that  the  car-wheels 
shall  run  as  long,  and  require  as  little  personal  attention,  as 
possible.  The  strength  of  the  whole  chain  of  the  haulage-sys- 
tem is,  according  to  the  proverb,  no  greater  than  the  strength 
of  its  weakest  link;  and  hence  improvements  in  the  design  of 
a  car-wheel  may  be  as  important  as  much  more  ambitious  in- 
ventions.    The  wheel  here  described  therefore  constitutes  an 
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essential  element  in  the  success  of  the  general  system  adopted 
by  our  company. 

Fig.  3  shows  the  construction  of  this  wheel,  which  is  a  solid 
casting,  having  no  parts  (except  the  oil-plugs)  which  can  be 
loosened  or  detached.  The  leading  purpose  of  the  design  is 
to  secure  maximum  strength  for  the  weight  of  metal,  uniform 
wear  of  parts,  and  facility  and  certainty  of  lubrication. 

1.  By  plates,  bracing  the  sides  of  the  rim,  a  proportional 
strength,  greater  than  that  of  wheels  with  spokes,  is  secured. 
Spragging  may  be  provided  for  by  means  of  a  wedge-shaped  lug 
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Fig.  3. — Solid  Cast-Iron  Wheel.     Used  by  the  Aldeich  Mining  Co. 
Upon  3-Ton  Mine-Cars. 

in  either  web,  with  a  hook,  adapted  to  catch  and  hold  the 
wheel. 

2.  Uniform  wear,  essential  to  durability,  is  secured  by  an 
equal  distribution  of  strain  upon  the  bearing,  and  of  lubricant 
upon  the  surface  exposed  to  friction.  The  equal  strain  is  ob- 
tained by  means  of  a  hub  presenting  an  integral  bearing-sur- 
face, bisected  by  a  vertical  longitudinal  plane  through  the  cen- 
ter of  the  tread  of  the  wheel.  The  pressure  per  sq.  in.  is,  there- 
fore, the  same  at  all  points  of  the  bearing-surface  ;  and  the 
wheel  moves  in  true  alignment  with  the  direction  of  motion  of 
the  car,  until  it  is  completely  worn  out.  The  importance  of 
this  feature  cannot  be  too  much  emphasized.     An  unequal  dis- 
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tributiou  of  the  thrust  on  the  bearing  causes  a  greater  wear  on 
one  side  of  the  center,  tending  to  a  deformation,  which,  how- 
ever minute  at  first,  is  rapidly  multiplied,  throwing  the  wheel 
more  and  more  out  of  alignment,  so  that  its  flange  not  only 
cramps  and  wears  the  rail,  but  also  becomes  increasingly  liable 
to  "  trip  "  at  switch  connections,  and  to  wreck  the  car. 

3,  For  the  purpose  of  lubrication,  the  wheel  is  cast  with 
webs  inclosing  a  large  oil-chamber,  which  extends  from  hub 
to  rim,  and  is  so  large  that  three  or,  at  most,  four  oilings  per 
year  will  be  suflicient.  When  so  great  a  quantity  of  lubricant 
is  provided,  obviously  a  method  of  feeding  is  required  which, 
while  not  liable  to  clog,  will  supply  no  more  oil  than  is  neces- 
sary, and  will  evenly  distribute  this  supply.  This  is  effected 
by  one  or  more  entirely  open  and  unobstructed  longitudinal 
openings  or  slots  in  the  hub,  leading  directly  from  the  reser- 
voir to  the  axle,  and  so  proportioned  as  to  catch,  as  the  wheel 
revolves,  a  suitable  amount  of  the  film  of  oil  on  the  sides  of  the 
reservoir,  and  feed  it  to  the  center  of  the  bearing-surface. 
When  packing  or  waste  is  placed  over  or  in  the  oil-ducts,  they 
are  liable  to  become  clogged ;  and  this  liability  calls  for  that 
closer  attention  to  the  wheel  which  it  is  desirable  to  render 
unnecessary. 

In  the  present  usual  practice,  the  outer  ends  of  the  hubs  are 
packed,  to  hold  the  oil  in,  and  to  protect  the  bearing  against 
the  entrance  of  grit  and  dirt.  This  involves  an  uneven  lubri- 
cation, and  also  prevents  early  indication  of  the  fact  that  the 
wheel  has  become  dry.  In  the  wheel  here  described,  both  ends 
of  the  bearing  are  left  open,  so  that  the  oil,  introduced  at  the 
center,  and  flowing  evenly  outwards  in  both  directions,  tends 
to  prevent  dirt  from  working  in,  and  also  shows  at  all  times  the 
condition  of  lubrication.  The  waste  of  oil,  which  should  be 
prevented  by  a  proper  adjustment  of  the  feeding-orifices,  is 
easily  noted  at  once;  and,  when  the  lubricant  has  been  ex- 
hausted, the  whole  bearing  becomes  dry  at  the  same  time,  the 
fact  being  patent  upon  the  most  superficial  outside  inspection. 

Without  dwelling  upon  other  details  of  this  design,  I  may 
mention  as  worthy  of  notice  two  subordinate  features,  which 
are  more  important  in  practice  than  they  look  on  paper.  The 
first  is,  that  the  openings  through  which  the  oil-reservoir  is 
charged  are  so  disposed  that,  if  (as  happens  much  oftener  than 
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it  ouglit  to  happen)  a  plug  is  carelessly  not  replaced  after  filling, 
there  will  be  no  serious  loss  of  oil.  The  second  is,  that  these 
plugs  are  made  large  enough  to  prevent  their  being  so  battered 
or  twisted  off  by  accidental  underground  shocks,  such  as  care- 
less wrenching,  as  not  to  be  easily  extracted.  Any  engineer  who 
has  experienced  the  exasperating  necessity  of  actually  drilling 
out  a  jammed  plug  of  this  kind  will  appreciate  the  value  of  this 
feature. 

The  wheel  here  described  has  demonstrated,  by  long  contin- 
uous use,  the  superior  durability,  evenness  of  wear,  and  free- 
dom from  the  necessity  of  attention,  above  claimed. 

Car-  Couplings. 

The  couplings  of  the  large  cars  employed  in  this  system  of 
haulage  are  so  designed  as  to  permit  at  the  tipple  the  tilting  of 
each  car,  without  breaking  its  connection  with  the  preceding  or 
the  following  car,  and  thus  the  connection  of  the  train  with  the 
motor  which  pulls  it.  This  problem  is  not  difiicult.  It  was 
solved  in  our  practice  by  using,  for  the  large  cars,  couplings 
consisting  of  three  links  and  an  eye-bolt,  which  is  held  on  with 
jam-nuts,  and  the  shank  of  which  passes  through  the  up-turned 
end  of  the  draw-bar.  The  other  end  of  the  draw-bar  is  a  hook ; 
and  the  eye-bolt  acts  as  a  swivel. 

(See  Figs.  2  and  4,  the  latter  of  which  show^s  a  rock-car,  like 
the  mine-car,  except  that  it  has  shutters  for  side-dumping.  The 
coupling  is  the  same^for  both,  since  the  rock-car,  if  it  should 
happen  to  be  loaded  with  coal,  would  have  to  be  dumped  by 

tilting.) 

IV.  Dumping. 

The  tipple  (Figs.  5,  6  and  7)  is  a  cylindrical  frame,  rotating 
on  trunnion-wheels,  and  so  arranged  as  to  permit  the  weighing 
and  dumping  of  each  car  of  a  mine-train,  without  breaking  the 
train  or  disconnecting  the  motor,  and  in  such  a  manner  that 
one  man  only  is  employed  on  the  tipple,  he  attending  to  both 
weighing  and  dumping.  Incidentally,  it  was  necessary  to  pro- 
vide a  device  which  would  automatically  arrest  and  hold  upon 
the  tipple,  for  the  purpose  of  dumping,  each  successive  car  of 
a  train,  while  permitting  the  motor  which  hauled  the  train  to 
pass  over  the  tipple,  without  being  thus  held  and  overturned. 
This  was  accomplished  by  causing  the  retaining-device  to  en- 
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gage  the  wheel-hubs,  instead  of  the  wheel-rims,  of  the  cars,  so 
that  the  hubs  of  the  larger  wheels  of  the  motor  would  pass 
above  it,  and  escape  its  action  altogether,  without  the  need  of 
any  moving  parts,  or  human  intervention,  to  prevent  the  mo- 
tor from  being  caught  and  dumped. 

This  system  of  continuous  weighing  and  dumping  (equally 
practicable  with  a  steam  locomotive)  is  operated  at  the  mines 
of  the  Aldrich  Co.  with  an  electric  locomotive  as  follows : 

The  train  of  loaded  cars  is  hauled  to  the  dump,  and  stops  for 
a  moment,  with  the  motor  on  the  tipple  (the  trolley  wire  run- 
ning through  it),  and  the  first  car  on  the  weighing-scale.  When 
this  car  has  been  weighed,  the  motor  goes  forward,  bringing 
that*car  upon  the  tipple,  where  it  is  caught  and  held,  while  the 
second  car,  simultaneously  brought  upon  the  scale,  is  weighed. 
During  the  weighing  of  the  second  car,  the  tipple  is  revolved,  and 
the  first  car  is  dumped  and  returned  to  position,  without  severing 
its  connection  with  either  the  motor  or  the  following  car.  The 
motor  then  advances  again,  and  the  second  car  is  brought  upon 
the  tipple  and  dumped,  while  the  third  is  weighed — and  so  on 
through  the  whole  train.  The  interruption  of  train-movement 
required  for  weighing  (and  the  simultaneous  dumping  of  a  pre- 
ceding car)  is  very  small.  In  fact,  a  skillful  weigh-man,  oper- 
ating the  tipple  by  means  of  a  small  lever,  can  weigh  and  dump 
all  the  cars  of  a  train  in  slow  motion,  without  really  stopping 
them  at  all.  After  the  rotation  of  the  tipple  has  been  thus 
started,  the  remainder  of  its  movement  is  automatic ;  it  revolves 
completely,  comes  back,  and  cushions  itself  properly  in  its  for- 
mer position,  without  further  attention. 

A  small  tipple  of  this  kind,  operated  with  the  small  1,000-lb. 
cars,  dumps  regularly  7  cars,  and,  on  a  test-run,  has  dumped 
11  cars  per  minute.  The  large  tipple  has  a  regular  rate  of  four 
3-ton  cars,  and  has  dumped,  on  a  test-run,  7  such  cars  per  min- 
ute. In  fact,  the  cajjacity  of  the  tipple  is  practically  limited 
onh'  by  the  capacity  of  the  shaking-screen  placed  below  it  to 
receive  the  coal. 

The  tipple  is  simple  and  (consisting,  as  it  does,  of  riveted 
work)  very  solid.  The  motor-car  can  run  through  the  tipple  as 
fast  as  20  miles  per  hr.  without  injury  to  anything.  It  needs  no 
attendance ;  does  not  get  out  of  order ;  requires  a  single  track 
only,  thereby  saving  the  cost  of  wooden  trestles,  etc.,  and  is,  on 
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Fig.  4. — Rock-Car,  with  Shutters  for  Side-Dumping. 


Fig.  5. — Scale,  and  Tipple  Dumping  the  Last  Car  of  the  Train. 
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Fig.  6.— Tipple,  with  Sixgi.e-Track  Trestle,  Serving  Mines  on  Both 
Sides  of  the  Kavinf. 


Fig.  7. — Overhead  Trolley,  and  Motor  Passing  Through  Tipple. 
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the  whole,   cheaper  in   construction   and  operation  than  any 
other  automatic  tipple. 

The  details  of  construction,  coupling,  arresting  and  holding 
of  cars,  and  tilting-mechanism  for  the  tipple  are  simple,  though, 
of  course,  important  with  reference  to  the  supreme  need,  in 
such  an  operation,  of  solidity,  stability,  safety  and  certainty  of 
automatic  operation.  Mine-managers  cannot  afford  to  use  ma- 
chinery of  this  kind,  however  ingenious,  which  is  liable  to 
break  down. 

V.  Screening  and  Washing. 

As  already  remarked,  the  most  advantageous  limit  for  lump- 
coal  has  been  found  to  be  that  of  a  2-in.  round  hole  in  the 
screen.  The  screens  upon  which  the  coal  is  dumped  have, 
therefore,  holes  of  this  size.  The  lump-coal  thus  produced  sells 
at  an  average  price  of  $2.10  per  ton. 

Two  systems  of  disposing  of  the  smaller  coal  passing  these 
screens  are  now  in  use : 

1.  Under  the  first  system,  used  at  Mine  l^o.  1,  this  coal  is  run 
over  a  screen  having  0.75-iu.  round  holes;  the  over-size  is  sold 
as  "  nut "  at  the  average  price  of  |1.35  per  ton ;  and  the  under- 
size,  after  washing  in  a  simple  trough-washer,  is  sold  at  50c.  per 
ton.  (This  washer  is  very  wasteful.  It  is  estimated  that  600 
tons  of  coal  per  month  go  down  stream  from  it.  But  this  esti- 
mate is  probably  too  high.) 

2.  Under  the  second  system,  used  at  Mine  No.  2,  all  the  small 
coal  (under  2-in.  diameter)  is  elevated  and  washed  in  jigs.  The 
jigging  is  extremely  simple,  because  there  is  no  dirt  sticking  to 
the  coal.  The  seam  has  no  partings,  and  is  absolutely  clean 
coal  from  top  to  bottom,  so  that,  apart  from  the  usual  slate 
broken  from  the  top,  the  only  foreign^  matter  is  tine,  hard  tire- 
clay,  separated  from  the  floor  by  the  picks  of  the  under-cutting 
machine.  This  fire-clay,  however  small  in  amount,  is  ex- 
tremely objectionable,  and,  unless  removed  by  washing,  ruins 
the  coal.  The  total  weight  of  all  impurities  thus  removed  is 
about  equal  to  the  weight  of  the  moisture  in  the  cleaned  prod- 
uct, so  that  the  jigs  practically  furnish,  by  weight,  as  much 
salable  coal  as  they  receive  of  crude  material.  This  product  is 
sold  without  further  sizing  at  $1.10  per  ton. 

The  two  systems  may  be  compared  as  follows :  For  every 
100  tons  of  coal  mined.  Mine  No.  1  produces  53  tons  of  lump. 
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27  tons  of  nut,  10  tons  of  slack,  and  10  tons  is  washed  away  by 
the  trough-washer.  At  the  values  given  above,  this  would  net 
$152.80,  or  $1,528  per  ton.  In  Mine  No.  2,  65  tons  of  lump 
would  be  produced,  and  35  tons  of  washed,  nut  and  slack,  net- 
ting the  company  $175.00,  or  $1.75  per  ton. 

Against  the  second  system,  must  be  charged  a  slight  increase 
in  the  cost  of  washing,  due  to  the  difference  between  operation, 
maintenance,  etc.,  of  the  jig  and  trough-washer  plants.  This 
is  a  very  small  item  and,  from  the  data  available,  cannot  be 
figured,  one  man  being  required  to  operate  the  washer  in  either 
case,  the  sole  difference  being  in  power  and  maintenance,  the 
item  of  water-supply  being  decidedly  in  favor  of  the  jig  system. 
After  making  such  allowances,  the  No.  2  system  is  markedly 
preferable,  because  of  the  utilization  of  fuel,  which  would  other- 
wise be  lost  forever.  We  have  found  the  horizontal  shaking- 
screen  the  most  suitable  for  our  purpose. 

VI.  Summary. 

In  the  foregoing  outline,  the  nature  and  extent  of  the  econ- 
omies effected  as  the  result  of  our  experiments  have  been 
briefly  stated.  The  total  improvement  has  been  estimated  in 
an  official  report,  based  upon  actual  practice,  and  dated  about 
a  year  ago ;  since  which  time  changes  in  the  market-prices 
of  coals,  the  labor-situation  and  the  conditions  of  railway- 
transportation  have  largely  increased  the  advantages  of  the 
new  system. 

The  report  referred  to  is  a  comparison  between  the  old  sys- 
tem of  small  cars,  room-switches,  mule-haulage,  sizing,  wash- 
ing, etc.,  employed  in  Colliery  No.  1,  and  the  improved  system 
of  buggies,  large  cars,  and  electric  haulage,  sizing,  jigging, 
etc.,  as  perfected  and  practiced  in  No.  2.  It  shows  that,  under 
the  new  system,  the  whole  plant  is  more  cheaply  constructed 
and  maintained ;  that  there  is  a  greatly  increased  storage- 
capacity  in  mine-cars  (an  important  item,  in  view  of  the  pres- 
ent scanty  and  irregular  supply  of  railroad-cars  in  this  region, 
as  everywhere  else  in  the  United  States) ;  that  contractors  and 
their  workmen  earn  more  money,  while  the  daily  output  of 
coal  per  man  is  increased;  that  for  a  tonnage  of  250  tons  per 
day  the  number  of  workmen,  outside  of  those  employed  by  the 
contractors,  is  reduced  from  46  to  16,  a  saving  of  $41.35  per 
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clay;  that  there  is  an  additional  saving  of  §27.85  per  day  in 
mule-feed,  switches,  oil,  laying  of  pipes  and  tracks,  etc. ;  that 
the  aggregate  saving  in  these  items  of  current  running-expense 
amounts  to  27.68c.  per  ton  of  coal  mined,  while  the  increase 
in  the  receipts  from  sales  averages  22.20c.  per  ton,  making  a 
total  of  49.88c.  per  ton,  as  the  net  gain  of  the  improved  system 
as  a  whole. 

It  is  scarcely  necessary  to  say  that  this  result,  eifected  in  the 
production  of  a  material,  the  selling-price  of  w'hich  per  ton 
ranges  from  $2.10  down  to  $0.50,  and  has  averaged  under  the 
old  system  about  $1.50,  and,  under  the  new,  about  $1.75,  is 
important  enough  to  make  all  the  difl'erence  between  business 
success  and  faihire,  and  therefore  justifies  the  costly  experi- 
ments and  the  radical  innovations  involved  in  the  adoption  of 
the  improved  system  above  described. 


The  Kurzwernhart  Gas-Saving  Process, 

BY  JOSEPH  ^ARTSHORXE,   POTTSTOWN,   PA. 

(Bethlehem  Meeting,  February,  1906.) 

Ever  since  the  introduction  of  the  Siemens  regenerative  fur- 
nace, it  has  been  recognized  that  a  certain  amount  of  gas  is 
lost  each  time  the  furnace-action  is  reversed.  This  loss  comes, 
first,  from  the  gas  which  passes  through  the  free  connection 
between  the  stack  and  the  gas-main,  which  exists  during  the 
time  the  reversing-valve  is  turning  over;  and,  secondly,  from 
the  gas  which  is  in  the  chamber  and  flues,  from  the  hearth  to 
the  reversing-valve,  and  which  flows  back  into  the  stack  when 
the  valve  is  reversed.  The  amount  lost  each  time  is,  of  course, 
small ;  but,  since  a  furnace  is  reversed  from  four  to  six  times 
every  hour  for,  sa}',  300  days  in  the  year,  the  aggregate  is  large 
enough  to  be  well  worth  attention.  The  estimate  has  been 
published^  that,  in  Germany  alone,  the  loss  from  the  first  of  the 
above  causes  amounts  to  500,000  marks  per  year.  The  loss 
from  the  second  cause  is,  of  course,  much  greater. 

1  Staht  und  Ehen,  vol.  23,  p.  33.5  (1903). 


506  THE    KURZWERNHART    GAS-SAVING    PROCESS. 

A  process  for  saving  this  entire  loss,  in  use  at  Teplitz,  Bo- 
hemia, for  about  three  years,  would  seem  to  be  of  value  even  in 
this  country,  where  coal  is  cheaper  and  where  the  small  econo- 
mies are  not  watched  as  closely  as  they  are  in  Europe.  This  pro- 
cess, invented  by  Mr.  Adelbert  Kurzwernhart,  late  Technical 
Director  of  the  Teplitzer  Walzwerk,  has  been  worked  out  with 
thoroughness.  The  loss  from  each  cause  can  be  calculated  very 
closely  for  any  particular  furnace,  and  the  results  to  be  ex- 
pected from  the  process  ascertained.  It  can  easily  be  decided, 
therefore,  whether  it  is  worth  while  to  adopt  it  under  any  given 
conditions. 

The  amount  of  chamber-gas  lost  depends  upon :  (1)  the 
cubic  contents  of  the  chamber,  ports  and  flues  upon  one  side 
of  the  furnace,  up  to  the  reversing-valve  (deducting,  of  course, 
the  volume  of  the  regenerative  brick) ;  (2)  upon  the  tempera- 
ture of  the  gas  in  them  ;  and  (3)  upon  the  number  of  reversals 
per  hour.  The  amount  of  coal  lost  depends  upon  the  number 
of  cubic  feet  of  gas  evolved  from  a  pound  of  it;  and  the  final 
factor  in  ascertaining  the  money  loss  is,  of  course,  the  price  of 
the  coal  per  ton  at  the  producer.  All  of  these  factors  vary 
greatly  among  different  works,  and  the  value  of  the  process 
for  each  particular  case  must  be  determined  from  the  special 
conditions  which  there  exist. 

The  temperature  of  the  gas  varies  from  about  200°  C.  at  the 
reversing-valve  to  about  1,100°  C.  at  the  ports;  600°  C.  may  be 
taken  as  a  fair  average  for  the  purpose  of  calculation.  In  order 
to  establish  a  fixed  basis  for  comparison,  the  volume  of  the  gas 
must  be  reduced  to  that  at  zero  C,  by  the  following  formula, 
in  which  V  is  the  volume  of  the  gas  at  zero  C,  F  (=  1)  its 
volume  at  the  temperature  of  the  chamber,  x  is  the  coeflicient 
of  expansion  for  each  degree  C,  and  t  {=  600°)  is  the  tempera- 
ture of  the  chamber : 

r  =   ,,     ^ = ^ =  0.312. 

F+(xxO        1  +  (0.003665  X  600) 

In  this  country  the  volume  of  gas  produced  from  a  pound  of 
coal  ranges  from  about  25  cu.  ft.  for  the  lignites  to  about  72 
cu.  ft.  for  the  best  producer-coals.  A  fair  average  for  the  coals 
in  general  use  appears  to  lie  between  60  and  70  cu.  ft.  per 
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pound,  say  66  ft.,  although  some  of  the  best  authorities  fix  this 
average  at  60.  The  saving  in  coal  per  year,  in  tons,  is  then 
found  by  the  following  formula,  in  which  *S'  is  the  net  saving  in 
tons,  V  is  the  net  cubic  content  of  the  chamber,  etc.,  a  is  the 
volume  of  gas,  at  zero  C,  from  1  lb.  of  coal,  and  n  is  the  num- 
ber of  reversings  per  hour : 

nx  24x  300  X  fM^  ^^ 

^  = 2240 =  '•«»-»  ~ 

For  example,  assume  a  50-ton  furnace,  reversing  four  times 
per  hour,  and  the  cost  of  coal  at  $2  per  ton.  The  net  cubic 
content  of  the  flues,  chamber  and  ports  will  be  about  3,700  cu. 
feet.     The  loss  per  year  will  be : 

1.0028x4x3700  ^  ^  =  J449,74. 
66 

If  the  furnace  be  reversed  six  times  per  hour,  as  is  sometimes 
done,  the  loss  will  then  be  50  per  cent,  greater,  or  $674.61  per 
year.  Of  course,  the  poorer  the  coal  in  gas-producing  quality, 
the  greater  will  be  the  loss,  since  more  of  it  is  required  to  pro- 
duce 1  cu.  ft.  of  gas. 

The  loss  through  the  reversing-valve  depends  on  its  area, 
the  duration  of  the  time  of  reversing,  the  velocity  of  the  gas- 
current,  and  the  temperature  of  the  gas  in  the  flue,  together 
with  the  amount  of  gas  produced  by  1  lb,  of  coal,  and  the  price 
of  the  latter.  The  loss  of  coal  per  year  is  found  as  follows, 
A  being  the  area  of  the  reverse-valve,  D  the  velocity  of  the 
current  (taken  at  15  ft.  per  second),  t  the  temperature  of  the 
gas,  n  the  number  of  reversings  per  hour,  and  a  the  volume  of 
gas,  at  zero  C,  from  1  lb.  of  coal,  the  duration  of  the  reversing 
beinff  taken  at  5  seconds : 


^is 


AxD  5  X  ri  X  24  X  300 

X 


1 +(0.003665  x<) 


22410 
^  X  15  WX36000 

_  1+ (0.003665x200)^         a        __  ^\ 

—  2240  ■        «* 
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For  a  50-ton  furnace,  with  a  30-in.  gas-reversing  valve,  the 
area  of  the  valve-opening  is  4.9  sq.  ft.,  the  velocity  of  the  gas- 
current  is  about  15  ft.  per  second,  the  temperature  of  the  gas 
is  about  200°  C,  the  duration  of  reversing  5  seconds,  and  the 
number  of  reversings  is  4  per  hour.  The  loss  per  year,  with 
coal  at  $2  per  ton,  will  then  be : 

139.10x4.9x4x2  ^  ^g^  g^ 
66 

If  the  furnace  be  reversed  6  times  per  hour,  the  loss  will  be 
$123.92  per  year.  The  total  loss,  from  both  causes,  will  be, 
therefore,  $532.35,  with  4  reversings  per  hour;  and  $798.53, 
with  6  reversings. 

The  idea  of  the  Kurzwernhart  process  is  to  sweep  into  the 
furnace  and  utilize  all  the  gas  in  the  ports,  chamber  and  flues, 
which  is  now  lost  in  reversing,  and,  incidentally,  to  prevent 
any  loss  through  the  reversing-valve  into  the  stack.  This  is 
accomplished  by  providing  an  auxiliary  air- valve  opening  into 
the  gas-flue  between  the  furnace  and  the  gas-valve,  as  near  as 
possible  to  the  latter,  and  by  closing  the  gas-valve  during  re- 
versing. The  method  of  procedure  is  to  close  the  gas-valve 
just  before  reversing,  as  is  now  quite  generally  the  practice,  and 
then  to  open  the  auxiliary  air- valve.  The  air,  rushing  in 
through  this  opening,  sweeps  all  the  gas  in  the  flues  and  cham- 
ber into  the  furnace,  where  it  is  burned  with  useful  effect. 
When  all  of  this  gas  has  been  burned,  which  is  easily  deter- 
mined by  observation  through  the  peep-hole,  the  auxiliary  air- 
valve  is  closed,  the  furnace  is  reversed,  and  the  gas-valve  is 
opened  as  before. 

In  considering  this  process,  the  possible  danger  of  explosion, 
when  the  auxiliary  air-valve  is  opened,  at  once  suggests  itself. 
The  best  comment  on  this  suggestion  is  the  fiict,  that,  during 
the  three  years  in  which  the  process  has  been  in  use  at  Tep- 
litz,  no  explosion  has  taken  place.  In  reality,  however,  there 
is  no  such  danger  so  long  as  the  gas  in  the  reversing-valve  is 
above  the  temperature  at  which  it  will  ignite.  When  it  is  above 
this  temperature,  the  gas  will  always  at  once  ignite  along  the 
line  of  contact  as  soon  as  the  in-rushing  air  strikes  it.  The 
products  of  combustion  then  formed  will  act  as  a  separating- 
hiyer  between  the  gas  and  the  air,  and  thus  prevent  further 
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mixing  or  combustion.  Since  the  gas  is  pushed  through  the 
comparative!}"  narrow  flues  and  chamber  with  considerable 
velocity,  there  is  neither  time  nor  space  for  the  dissipation  of 
the  separating-layer. 

Little,  or  none,  of  the  gas  is,  therefore,  consumed  in  the 
chamber  or  flues,  and  there  is  no  danger  of  burning  out  the 
brick-work  more  rapidly  than  usual.  Experience  has  shown 
that  there  is  no  difiference  in  the  life  of  the  brick-work  whether 
the  process  be  used  or  not.  Of  course,  any  heat  that  may  be 
produced  by  the  gas  which  burns  in  the  valve-casing,  or  beyond 
it,  goes  into  the  furnace,  or  is  absorbed  by  the  checker-brick, 
and  is  thus  utilized. 

Another  possible  source  of  trouble  is  the  leaking  of  the  aux- 
iliary air-valve  during  the  ordinary  working  of  the  furnace, 
more  especially  because  this  valve  is  usually  a  simple  flap.  If 
there  be  a  plenum  in  the  gas-flue,  as  was  usually  the  case  for- 
merly, the  only  result  of  such  a  leak  would  be  a  little  loss  of 
gas,  which  would  detract  just  so  much  from  the  economy  of  the 
process.  Under  conditions  of  present  practice,  however,  there 
is  often  a  slight  vacuum  in  the  gas-flue,  resulting  in  a  small 
in-draft  through  whatever  leak  there  may  be.  This  vacuum 
should  not  ever  exceed  0.2  in.  of  water,  and  probably  does  not 
average  more  than  0.16  in.  (4  mm,).  If  the  air  so  entering  be 
of  suflicient  quantity,  trouble  might  be  caused  by  combustion, 
provided  it  entered  the  valve-casing,  but  no  calorific  loss  would 
result,  as  stated  above,  except,  possibly,  from  radiation. 

There  is  no  reason,  however,  why  this  supplemental  air- 
valve  should  be  allowed  to  leak,  even  if  the  most  convenient 
form,  that  of  a  flap,  be  used.  Such  a  valve  can  easily  be 
constructed  so  that  it  will  always  close  tightly,  and  a  simple 
and  eflective  form  is  shown  in  Fig.  1.  The  flap  lies  at  an 
angle  of  about  60°,  and  is  made  stifl^"  enough  to  resist  warp- 
ing under  ordinary  conditions.  The  bearing-  and  seating-sur- 
faces are  finished,  and  enough  play  is  provided  between  the 
journal  and  its  bearings  to  prevent  jamming,  and  to  allow  the 
flap  to  adjust  itself  by  its  own  weight.  The  upper  part  of  the 
journal-bearing  is  made  flat  instead  of  round,  to  allow  this  self- 
adjustment  to  take  place  more  freely.  A  valve  so  constructed 
will  always  seat  itself  tightly,  and  will  continue  in  good  con- 
dition for  a  long  time.  This  form  is  in  use  at  Teplitz,  and  it 
has  never  leaked  any  appreciable  amount. 
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A  proof  of  the  absence  of  leakage  at  the  auxiliarj-valve,  or 
elsewhere,  is  the  fact  that  it  is  impossible  to  draw  much  of  the 
gas  from  the  chamber  into  the  furnace  by  merely  shutting  oif 
the  gas-valve,  and  then  waiting  a  certain  length  of  time  before 
reversing.  In  the  absence  of  some  opening  to  admit  the  air 
behind  it,  only  so  much  of  the  gas  will  pass  into  the  furnace  as 
is  forced  out  by  the  expansion  due  to  the  greater  heat  of  the 
chamber.  Moreover,  should  any  leakage  occur,  it  would  have 
to  be  very  considerable  to  do  any  harm.  A  slight  amount  of 
air  mixed  with  producer-gas  does  not  make  it  either  explosive  or 


Fig.  1. — Supplemental  Am- Valve. 

combustible,  and  any  small  amount  of  flame,  produced  directly 
in  front  of  the  leak,  would  be  extinguished  by  the  gas  itself. 

Another  objection  which  has  been  urged  against  the  process 
is  the  fact  that  cold  air  is  admitted  to  the  gas-chamber,  thus 
absorbing  an  undue  amount  of  heat,  which  is  lost  when  the  fur- 
nace is  reversed  and  this  air  passes  out  into  the  stack.  The  air 
does.carry  out  a  greater  amount  of  heat  than  the  gas  does  under 
present  practice,  but  calculation  shows  that  the  loss  from  this 
cause  is  very  small,  as  compared  to  the  saving  by  burning  the 
gas  effectively.  This  is  also  shown  by  the  fact  that  careful 
tests  of  the   fuel-consumption  of  furnaces  run   for  a  certain 
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length  of  time  with  the  Kurzwernhart  process  and  for  the  same 
length  of  time  without  it,  other  conditions  being  kept  as  nearly 
similar  as  possible,  have  shown  that  the  coal  saved  was  8.5  per 
cent,  greater,  by  actual  weight,  than  that  which,  by  calculation, 
was  to  have  been  expected. 

Although  there  is  no  danger  of  explosion  in  using  air  to 
sweep  the  gas  into  the  furnace,  when  ordinary  care  is  used,  it 
can  be  made  absolutely  impossible  by  a  modification  of  the 
process,  in  which  the  products  of  combustion  are  used  for  this 
purpose  instead  of  air.  In  this  case,  a  reservoir  is  provided 
of  sufficient  capacity  to  hold  a  little  more  than  enough  of  these 
products  to  replace  the  gas  in  the  chamber  and  flues.  This 
reservoir  may  be  built  either  of  plates  above  ground,  or  of 
brick-work  under  ground,  according  to  preference  or  conven- 
ience. During  the  ordinary  running  of  the  furnace,  there  is 
open  communication  between  the  smoke-flue,  reservoir  and 
chimney,  which  is  so  regulated  by  damper  that  the  reservoir  is 
kept  full  at  all  times.  At  the  time  of  reversing,  the  main  gas- 
valve  is  shut,  and  also  the  connections  between  the  reservoir, 
smoke-flue  and  chimney.  A  valve,  placed  between  the  reser- 
voir and  the  gas-flue,  as  close  to  the  reversing-valve  as  possible, 
is  then  opened,  and  also  one  between  the  reservoir  and  the 
outer  air.  The  air  rushes  into  the  reservoir  and  forces  the  prod- 
ucts of  combustion  ahead  of  it  into  the  flues  and  chamber,  thus 
sweeping  the  gas  into  the  furnace.  As  soon  as  all  of  the  gas 
is  burned,  the  connections  between  the  reservoir,  gas-flue  and 
the  air  are  closed,  those  between  the  reservoir,  smoke-flue  and 
chimney  are  opened,  the  furnace  is  reversed,  and  the  main 
gas-flue  is  opened. 

It  will  be  seen,  at  once,  that  the  only  difference  between  this 
method,  and  the  use  of  gas  direct,  is  the  substitution  of  a  thick, 
extraneously  produced,  separating  layer  of  products  of  com- 
bustion between  the  air  and  the  gas  for  the  comparatively  thin 
layer  naturally  produced  in  situ.  The  advantages  of  this  use 
of  the  products  of  combustion,  instead  of  air  direct,  are  that 
explosion  is  made  absolutely  impossible,  that  all  trouble  from 
a  possible  leak  in  the  auxiliary  air-valve  is  prevented,  and  that 
less  heat  is  lost  wh&n  the  products  of  combustion  pass  back 
out  of  the  chamber  into  the  smoke-flue,  since  the  temperature 
of  these  gases,  when  they  enter  the  chamber,  is  considerably 
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higher  than  that  of  the  outside  air.  As  already  stated,  how- 
ever, there  is,  under  proper  conditions,  no  danger  of  explosion 
when  using  air  direct ;  there  is  no  leakage  of  air  through  the 
auxiliary  valve,  when  it  is  properly  made ;  and  the  loss  entailed 
by  the  use  of  cold  air  as  a  pushing-agent  is  hardly  worth  con- 
sidering. On  the  other  hand,  the  smoke-process  involves  a 
more  complicated  apparatus,  and  requires  more  floor-space. 

The  apparatus  for  either  variety  of  the  process  can  be  applied 
to  any  existing  form  of  reversing-valve.    A  detailed  description 


Fig.  2. — Supplemental  Gas- Valve. 

of  many  of  the  applications  of  the  air-process  has  already  been 
published,^  but  the  general  principles  can  be  sufficiently  shown 
by  means  of  the  application  to  the  Forter  and  to  the  Siemens 
reversing-valve.  While  with  proper  arrangements  the  main 
gas-valve  can  be  used  to  shut  off  the  gas  during  reversing,  if  it  be 
preferred,  or  if  conditions  require  it;  yet  there  are  some  rea- 
sons which  may  make  it  seem  desirable  not  to  use  the  valve  for 
this  purpose ;  for  instance,  the  great  weight  of  the  larger  sizes, 
and  the  natural  desire  to  avoid  risking  a  disturbance  in  the  re- 


Stald  und  Eisen,  vol.  24,  pp.  937  to  944  (1904). 
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lation  of  the  gas-valve  to  the  air-valve,  when  once  established. 
In  such  a  case,  a  simple  form  of  shut-ofF  valve  can  be  added, 
to  be  used  only  at  the  time  of  reversing.     The  question  as  to 


Fig.  3. — KuRZWERNHART  Arrangement  for  Siemens  Ke versing- Valve. 

which  method  is  to  be  followed  is  one  of  personal  preference  or 
economy,  except  in  those  cases  in  which  there  is  no  room  to  in- 
troduce the  supplemental  gas-valve.  Fig.  2  shows  a  very  con- 
venient, cheap,  efi'ective  and  durable  form  of  this  supplemental 
gas-valve. 
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Fig.  3  shows  a  very  convenient  arrangement  for  the  Kurz- 
weruhart  air-process,  with  supplemental  gas-valve,  as  applied 
to  the  Siemens,  or  similar,  re  versing- valve.  The  counter- 
weighted  lever,  a,  is  keyed  fast  to  the  journal  on  which  the 
diaphragm  of  the  supplemental  gas-valve  is  fastened.  The 
chain  wheels,  i?,  and  J',  which  are  cast  in  one  piece,  turn  freely 
on  this  journal.  The  wheel,  T,  has  a  pin,  6,  projecting  from  it, 
which  engages  under  the  lever,  a.  A  chain  is  also  fastened  to 
it,  which  leads  to  the  quadrant,  8,  on  the  journal  of  the  aux- 
iliary air-valve,  K.  Another  chain  passes  around  the  wheel, 
i?,  and  also  over  a  sprocket  hand-wheel  on  the  platform,  near 
the  lever  of  the  reversing-valve.  The  supplemental  gas-valve 
is  shown  in  the  full  open  position. 

At  the  time  of  reversing,  the  hand-wheel  on  the  platform  is 
turned  to  the  right,  and  is  followed  hy  the  wheel,  R.  The  lever, 
a,  follows  the  pin,  6,  downwards,  and  thus  closes  the  gas-valve 
tightly  by  means  of  the  counter-weight.  In  the  meantime,  the 
slack  of  the  chain  has  been  taken  up  on  the  wheel,  T,  and,  hy 
continuing  the  motion  of  the  hand-wheel  in  the  same  direc- 
tion, the  flap-valve,  K,  is  opened  as  far  as  is  desired.  When 
all  the  gas  has  been  burned  in  the  furnace,  the  hand-wheel  is 
turned  back  to  the  left  until  the  air-valve,  K^  is  closed.  The 
furnace  is  then  reversed,  and  the  hand-wheel  is  turned  back  to 
its  original  position,  thus  fully  opening  the  gas-valve.  This 
point  is  fixed  by  a  stop  for  the  hand-wheel  or  lever.  There 
must  be  sufficient  slack  in  the  chain  leading  to  the  air-valve  to 
prevent  the  latter  from  opening  until  the  gas-valve  is  tightly 
shut.  The  whole  arrangement  is  simple,  cheap  and  efifective, 
and  has  successfully  met  all  the  conditions  of  practice. 

An  arrangement,  to  be  used  with  the  Forter  valve,  is  shown 
in  Fig.  4,  in  which  the  main  gas-valve  is  also  used  as  a  shut-ofiT 
valve  during  reversing.  The  stem  of  the  gas-valve  passes 
through  the  nut,  a,  which  slides  up  and  down  in  the  frame,  B. 
The  opening  of  the  gas-valve  is  adjusted  by  screw  and  hand- 
wheel,  in  the  usual  way.  From  the  nut,  <z,  projects  the  pin,  h, 
which  engages  in  the  cam-slot  of  the  double  quadrant,  A.  Lost 
inotion  is  provided  for  at  C,  so  that  the  valve  may  be  shut  by 
means  of  the  quadrant,  no  matter  what  may  be  its  opening. 
From  each  end  of  the  quadrant  a  chain  leads  to  the  correspond- 
ing door  in  the  Forter  valve-casing. 
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Fig.  4. — Kurzwernhart  Arrangement  fob  Forter  Eevebsing- Valve. 
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As  a  matter  of  precaution,  tlie  air  is  alwajs  brought  into  the 
casing  over  the  hood,  so  that  it  will  sweep  all  of  the  gas  before 
it  into  the  flae.  If  it  were  brought  in  at  the  other  end,  it  would 
at  once  turn  down  the  flue,  and  thus  leave  a  pocket  of  dead  gas 
at  the  other  end  of  the  casing,  which  might  possibly  form  an 
explosive  mixture  with  the  air.  There  is  small  danger  of  this 
occurring,  but  the  possibility  would  better  be  avoided.  This 
principle  of  avoiding  all  dead  ends  or  pockets  for  the  gas  should 
be  applied  in  designing  any  particular  arrangement,  since  un- 
necessary risk  of  any  kind  ought  to  be  avoided.  It  is,  there- 
fore, necessary  to  use,  alternately,  the  doors  at  each  end. 

In  order  to  assure  the  opening  of  the  proper  door,  and  to 
prevent  the  opening  of  the  wrong  one,  a  bolt,  D,  is  arranged  on 
the  valve-casing,  operated  by  a  cam-slot  on  the  reversing-lever, 
in  such  a  way  that  the  door  of  the  hood-end  is  free,  while  that 
of  the  down-comer  end  is  locked. 

When  the  furnace  is  to  be  reversed,  the  quadrant,  A,  is  turned 
down  towards  the  locked  end  of  the  casing.  The  pin,  6,  fol- 
lows the  slot  of  the  quadrant,  carrying  with  it  the  nut,  «,  and 
the  gas-valve.  The  gas-valve  is  closed  when  the  pin  reaches 
the  bottom  of  the  semicircular  part  of  the  slot,  which  is  then 
on  the  vertical  axis  of  the  valve-stem.  The  motion  of  the  quad- 
rant is  continued  in  the  same  direction,  and  the  air-door  is  opened 
as  far  as  is  desired.  A  stop  should  be  provided  for  the  quad- 
rant, and  the  amount  of  opening  can  be  adjusted  by  shifting  the 
chain.     Enough  slack,  however,  must  be  provided  in  the  latter 

to  assure  the  closinoj  of  the  o-as-valve  before  the  air-valve  be- 
es o 

gins  to  open. 

"When  the  gas  is  all  burned,  the  quadrant  is  raised  until  the 
air-valve  is  closed.  The  furnace  is  then  reversed,  and  the 
quadrant  is  raised  until  the  nut  is  again  in  its  highest  position. 
The  main  gas-valve  is  then  open,  just  as  it  was  before  revers- 
ing, and  its  adjustment  with  the  air-valve  is  not  disturbed.  In 
the  case  of  large  furnaces  it  will  probably  be  necessary  to 
counterbalance  the  gas-valve  on  account  of  its  weight.  The 
weight  of  the  doors  on  the  valve-casing  will  also  have  to  be 
adjusted  to  balance  the  quadrant. 

If  it  be  preferred  to  use  a  supplementary  gas-valve  instead  of 
the  main  gas-valve,  for  shutting  off  the  gas  during  reversing,  it 
is  inserted  between  the  latter  and  the  casing  of  the  reversing- 
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valve.  The  same  quadrant  is  used,  but  it  has  no  connection 
with  the  stem  of  the  main  gas-valve.  The  nut,  «,  becomes 
simply  a  sliding-block,  to  which  a  guided  rod  is  fastened.  This 
rod  carries  a  pin,  which  manipulates  the  counterweighted 
lever,  in  the  same  way  as  does  the  pin,  b,  in  Fig.  3. 

If  it  be  desired  to  use  the  main  gas- valve  as  a  shut-off  valve 
during  reversing,  in  connection  with  the  Siemens,  or  similar, 
valve,  the  arrangement  shown  in  Fig,  4  can  be  used,  but  only 
one-half  of  the  double  quadrant  is  required. 

Figs.  5  and  6  show  an  arrangement  for  the  use  of  the  prod- 
ucts of  combustion  as  the  direct  agent  for  sweeping  the  gas 
into  the  furnace.  In  this  case,  the  reservoir  is  built  of  brick 
and  placed  underground.  A,  A  is  the  reservoir;  I  is  the  aux- 
iliary gas-valve  ;  C  and  D  are  the  valves  regulating  the  prod- 
ucts of  combustion  and  the  admission  of  air;  and  S  is  the 
damper  which  controls  the  flow  in  the  smoke-flue  and  reservoir, 
and  which  is  entirely  distinct  from  the  ordinary  draft-damper. 
During  the  running  of  the  furnace,  this  damper  is  so  placed  as  to 
force  enough  of  the  products  of  combustion  through  the  reser- 
voir to  keep  it  entirely  full.  At  this  time  the  valves,  C  and  X), 
are  so  set  that  the  portion  of  the  products  of  combustion  which 
goes  through  the  reservoir  passes  up  through  the  opening  II, 
down  III,  up  V  and  down  IV  into  the  smoke-flue  again.  When 
the  furnace  is  to  be  reversed,  I  is  first  shut,  and  the  valves,  C  and 
D,  are  reversed.  This  shuts  off"  the  connections  with  the  stack- 
flue  at  II  and  IV,  and  opens  that  with  the  outer  air  at  VI  and 
with  the  reservoir  at  III.  The  air  flowing  in  through  VI  forces 
the  products  of  combustion  from  the  reservoir  up  through  III 
and  II  into  the  gas-flue,  just  below  the  auxiliary  gas-valve,  I, 
thus  sweeping  the  gas  before  it  into  the  furnace.  When  the  gas 
is  all  burned,  the  valves,  C  and  D,  are  reversed,  thus  closing 
the  connections  with  the  stack-flue  and  the  air,  and  opening 
those  between  the  stack-flue  and  the  reservoir.  The  furnace  is 
then  reversed,  and  the  auxiliary  gas-valve,  I,  is  opened  as  be- 
fore. It  will  be  noticed  that  all  three  of  the  auxiliary  valves 
are  operated  by  a  chain  from  one  hand-wheel,  and  that  one  con- 
tinuous motion  will  throw  them  all  in  either  direction.  Sufli- 
cient  slack  is  provided  in  the  chain  to  insure  the  shutting  of  the 
gas-valve,  I,  before  the  valves,  C  and  D,  begin  to  move. 

If  a  plate-tank  above  ground  be  preferred  to  the  underground 
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one,  or  if  the  space  at  disposal  require  it,  the  arrangement,  as 
far  as  the  valves  are  concerned,  is  precisely  similar  to  that  de- 


FlG.  5. — KXIRZWERNHART    ARRANGEMENT   FOR  SmOKE-PbOCESS.      (Plan.) 

scribed  above,  suitable  connections  being  made  through  tubes. 
Since  the  products  of  combustion  in  the  reservoir  are  consider- 
ably cooler  than  the  gas  in  the  chamber  and  flues,  the  former 


J 


THE    KURZWERNHART    GAS-SAVING    PROCESS. 


519 


need  not  be  as  large  as  the  latter.  A  reservoir  having  60  per 
cent,  of  the  cubic  contents  of  the  chamber  and  flues  will  be 
amply  sufficient. 

Although  I  do  not  know  that  this  process  has  been  previously 
described  in  English,  it  has  received  considerable  attention  and 


Fig.  6. — Kubzwernhart  Arrangement  for  Smoke  Process. 
(Section  on  a-b  of  Fig.  5.) 

discussion  on  the  Continent.  It  has  been  my  endeavor  to  set 
before  you  the  results  obtained  from  the  process,  together  with 
all  of  the  objections  which  have  been  urged  against  it,  and  the 
answers  to  them  which  experience  has  developed.  If  it  seems 
to  any  one  that  the  aggregate  saving  achieved,  though  small  in 
detail,  is  worth  making,  and  that  the  process  deserves  investi- 
gation, all  that  I  have  hoped  for  has  been  accomplished. 
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I.  Introduction. 

The  facts  presented  in  this  paper,  based  chiefly  on  a  recon- 
naissance made,  during  the  summer  of  1903,  by  myself  and 
my  assistant,  Mr.  R.  C.  Brooks,  cover  practically  all  that  por- 
tion of  Texas  lying  east  of  the  99th  meridian.  The  work  was 
undertaken  for  the  University  of  Texas  Mineral  Survey,  and 
was  to  have  been  extended  over  the  entire  State,  but  the  sud- 
den termination  of  the  survey  prevented  even  the  ofllcial  pub- 
lication of  the  results  already  obtained. 

Most  of  the  mineral  resources  of  Texas  were  fulh'  treated  by 
the  First  Geological  Survey,  but  the  clay-industry  was  at  that 
time  little  developed,  so  that  only  a  few  scattered  notes  con- 
cerning it  are  to  be  found  in  the  Survey  reports.  The  exten- 
sive exploitation  of  the  clay-deposits,  however,  has  emphasized 
their  commercial  importance,  and  has  also  made  accessible 
many  facts  of  exceptional  interest  concerning  their  geologic 
conditions. 

The  erection  of  new  plants  for  the  utilization  of  clay-prod- 
ucts is  usually  preceded  by  more  or  less  prospecting,  which,  by 
reason  of  the  scarcity  of  outcrops,  and  the  geologic  and  topo- 
graphic conditions  of  eastern  and  southeastern  Texas,  is  often 
slow  and  difficult  work.  This  is  especially  true  in  the  Tertiary 
and  Pleistocene  areas,  where  the  structural  conditions  much 
resemble  those  of  the  Atlantic  coastal  plain,  the  deposits  being 
mostly  lenticular  in  form,  and  surrounded  by  beds  of  sand. 

II.  General  Geology  of  the  Clay-Deposits. 
The  accompanying  sketch-map,  Fig.  1,  shows  the  location  of 
nearly  all  the  deposits  examined,  their  relation  to  the  geology 
of  the  State,  and  the  type  of  clay  found  in  each.  The  geology 
is  based  on  the  published  work  of  Hill,  Cummins,  Tafl:',  Adams, 
Hayes  and  Kennedy,  but  the  boundaries  have  unfortunately  not 
been  determined  over  the  entire  region  covered  by  the  map, 
and,  in  many  areas,  are  only  approximate.  It  will  be  seen  that 
the  clay-deposits  range  from  Carboniferous  to  Pleistocene  in 
age,  the  older  deposits  being  found  in  the  northwestern  part  of 
the  area,  while  those  of  Cretaceous  and  Tertiary  age  lie  to  the 
east,  southeast  and  south.  The  Pleistocene  clays  are  found  in 
part  in  a  belt  along  the  coast,  and  in  part  along  many  of  the 
larger  rivers,  where  they  often  underlie  extensive  terraces. 
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Table  I.  gives  the  geological  succession  of  the  clay-bearing 
formations  of  eastern  Texas. 


LEGEND 


Fig.  1. — Sketch-Map  of  the  Geology  of  Northeastern  Texas, 
Showing  the  Location  of  Clay-Deposits. 

III.  Carboniferous  Clays. 
The  Carboniferous  rocks  of  northern  Texas  outcrop  in  a 
broad  belt  about  250  miles  long  and  45  miles  in  average  width,^ 

'  22d  Annual  Report,  U.  S.  Oeological  Survey,  pt.  iii.,  p.  402  (1900-01)  ;  also 
1st  Annual  Report,  p.  201  (1889),  and  2d  Annual  Report,  p.  368  (1890),  Texas  Geo- 
logical  Survey. 
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Table  I. — Geologic  Formations  of  Eastern  Texas. 


bo 

< 

Period. 

Formation. 

Thickness. 

Character  of  Beds. 

Pleistocene. 

Feet. 
25  to  400 

50  to  200 

Brown   clays   and  sands  with 
shells  and  lime  pebbles. 

sands  and  clays  below. 

Neocene. 

Lafayette,  etc 

830  to  1,355 

Sands    and   clays,  with    some 
limestones  and  sandstones. 

Eocene. 

160 

400 
1,000 

C50 
1,060 

260 

Thinly  laminated  clays  of  va- 
rious colors ;  many  limestone 
concretions. 

Gray    sands,    .sandstones    and 
clays. 

Blue  gypseous  clays  and  gray 
sands  with  lignite-beds. 

Impure  clays  and  sands,  often 
glauconitic. 

Sands  of  various  colors  inter- 

a: 

< 

en 

Lignitic  clays 

Will's  Point  clays 

bedded  with  clays,  and  lig- 
niie-beds. 

Yellowish-brown   sands,  lami- 
nated clays,  and  limestones. 

Upper 
Cretaceous. 

800 

1,000 
410  to  625 

600  or  less. 
600  or  less. 

Calcareous  clays,  often  sandy  or 
glauconitic. 

Calcareous  clays. 

Taylor  marls 

Austin  chalk 

Limestones,  sometimes  chalky 

in  character. 
Bituminous    clay-shale,    often 

o 

gypsiferous    and    containing 
some  limestone-beds. 

Ferruginous    sandstones    and 

clays,  the  latter  ot  economic 
value  locally. 

Lower 
Cretaceous. 

(Contains  no  known  els 
hence  not  ditteren 

lys  of  value, 
tiated.) 

Limestones  and  marly  clays. 

Middle 
Carboniferous. 

Albany 

0  to  1,180 
800 

800  to  930 

950  to  3,700 
1,000 

Limestone  and  shale  with  thin 

Cisco 

coal-strata. 
Chieflv  shale ;  scattered  beds  of 

O 

Canyon 

•    limestone  and   sandstone  as 
well  as  coal. 

Limestones  and  shales  with  oc- 

O 

n 

K 

r1 

casional  sandstones  and  con- 
glomerate. 

Sandstones  and  shales. 

Blue  and  black  shales  with  oc- 

casional limestones  sand  and- 
stones ;  some  coal. 

extending  from  the  south  side  of  the  Colorado  River  valley,, 
between  Lampasas  and  Concho  counties,  northward  as  far  as 
the  Red  river  in  Montague  county.     They  present  a  succession. 
VOL.  XXXVII. — 33 
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of  shales  and  sandstones,  with  occasional  beds  of  limestone  and 
coal,  having  a  slight  monoclinal  dip  of  a  few  feet  per  mile  to 
the  west  and  northwest,  and  divisible,  according  to  Cummins, 
into  the  five  groups  indicated  in  Table  I. 

Scattered  through  this  series  are  a  number  of  beds  of  shale 
of  excellent  quality,  some  of  which  are  associated  with  coal- 
seams,  and  could  be  mined  in  connection  with  them,  while 
others  outcrop  on  the  surface,  where  they  are  easily  reached 
and  can  be  economically  worked.  No  detailed  survey  has  been 
made  of  these  shale-beds;  but  such  as  have  been  examined  are 
very  promising.  At  only  three  localities — viz.,  Thurber,  Millsap 
and  Weatherford — are  they  now  utilized  for  the  manufacture  of 
clay-products;  but  other  Carboniferous  shale  beds  are  known  at 
Graham,  Bridgeport  and  Cisco.  None  of  these  are  yet  known 
to  be  of  refractory  character,  but  they  are  adapted  to  the  manu- 
facture of  paving-brick,  pressed  brick  and  pottery,  and  for 
glazing  purposes. 

The  uniformity  of  the  Carboniferous  shale-beds  is  much 
greater  than  that  of  the  Tertiary  clays,  and  they  extend  over 
greater  areas.  Although  as  yet  but  little  developed,  these 
shales  will  probably  form  the  basis  of  an  important  industry 
when  their  value  becomes  known,  since  they  are  easily  acces- 
sible from  the  markets  of  Fort  Worth,  Dallas  and  many  other 
large  towns. 

IV.  Cretaceous  Clays. 

1.  Loiver  Cretaceous. 

The  formations  of  this  age  occupy  an  area  east  and  south  of 
the  Carboniferous  beds.  They  are  not  utilized,  nor  do  the 
stratigraphic  details  thus  far  published  indicate  any  promising 
beds  of  clay,  the  formation  being  usually  very  sandy. 

2.  Upper  Cretaceous. 

This  division  carries  a  number  of  important  clay-deposits, 
some  of  which  are  the  most  extensive,  but  unfortunately  not  the 
most  valuable,  in  the  State.  The  persistence  in  extent  and 
the  greater  thickness  of  these  deposits,  as  compared  with  the 
Tertiary  deposits,  indicate  the  existence  of  more  uniform  con- 
ditions during  their  sedimentation. 

These  rocks  extend  across  Texas  in  a  broad  belt  from  the 
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Red  river,  north  of  Sherman,  clown  to  Eagle  Pass,  which  lies  in 
about  the  middle  of  the  band ;  Fort  Worth  is  on  the  western 
edge  and  Austin  towards  the  southeastern  border.  This  same 
series  of  beds  also  forms  a  belt  along  the  Red  river,  the  width 
of  which  narrows  until  it  passes  out  of  the  State  in  the  north- 
east corner.  Since  the  dip  is  to  the  southeast,  the  older  beds 
are  found  along  the  western  edge  of  the  belt,  and  the  higher 
or  younger  ones  on  the  east,  where  they  pass  below  the  Ter- 
tiary strata.     The  following  members  are  recognized : 

(a)  Woodbine  Formation. — This  is  regarded  as  the  equivalent 
of  the  Dakota,  and  consists  of  a  series  of  sandstones,  clays  and 
clayey  sands,  which  often  carry  leaf-impressions  and  lignite, 
thereby  showing  their  shallow-water  origin.  To  the  north  it 
is  600  ft.  thick,  but  thins  out  towards  the  south.  While  the 
claj'-beds  are  usually  sandy  or  even  bituminous,  they  become 
locally  pure  enough,  as  at  Denton,  to  be  utilized  for  the  manu- 
facture of  clay-products,  although  even  here  the  beds  are  rarely 
of  great  extent  and  usually  interrupted  by  sandy  layers.  The 
individual  deposits,  however,  are  of  sufficient  size  to  supply  a 
fair-sized  plant.  In  their  chemical  composition  the  clays  closely 
resemble  the  stoneware  clays  of  the  lignitic  stage  of  the  Ter-* 
tiary. 

(b)  Eagle  Ford  Formation. — This  is  one  of  the  most  extensive 
and  thickest  of  the  clay-bearing  formations  in  the  entire  State 
of  Texas,  and  consists  of  a  series  of  bituminous  clays  which 
are  often  of  more  or  less  shaly  character,  with  occasional  thin 
limestone-beds  or  nodular  septaria.  The  formation  occupies  a 
north-south  belt,  extending  from  a  point  southwest  of  Austin 
to  the  Red  river,  and  then  sw-ings  eastward  from  Bells,  Grayson 
county,  to  the  eastern  part  of  Lamar  county. 

In  the  counties  of  Dallas,  Collin  and  Grayson,  where  the  for- 
mation has  its  greatest  development,  the  following  section  has 
been  worked  out  by  Hill.^ 

Beginning  at  the  bottom,  there  are  thinly  laminated  deep-blue 
or  black  clays,  with  occasional  sand-lamin?e,  which  pass  upward 
into  less  siliceous  clays,  containing  irregular  bands  of  thin  cal- 
careous matter  and  ferruginous  clay  nodules,  as  well  as  many 
lumps  and  flakes  of  selenite.     The  central  part  of  the  fbrma- 

*  2lst  Annual  Report,  U.  S.  Geological  Survey,  pt.  vii.,  p.  324  (1899-1900). 
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tion  carries  layers  of  arenaceous  sandstone,  and  is  then  suc- 
ceeded by  the  upper  part,  of  bkie-black  clays,  carrying  many 
spherical  septaria. 

While  the  Eagle  Ford  clays  are  of  great  thickness  and  well 
located  for  working,  they  contain  nearly  all  the  undesirable 
elements  that  a  clay  may  contain — namely,  concretions,  lime- 
stone-pebbles, gypsum-lumps,  pyrite,  and  much  organic  mat- 
ter. Moreover,  their  bituminous  character  and  their  extreme 
toughness  cause  great  trouble  in  manipulation,  and  practically 
force  the  clay-worker  to  mold  them  by  the  dry-press  process,  other 
methods  yielding  a  brick  too  dense  to  permit  the  carbon  in  the 
clay  to  burn  off.  By  reason  of  its  proximit}'  to  several  large 
cities,  the  Eagle  Ford  clay  is  extensively  used  for  brick-mak- 
ing, being  worked  at  Paris,  Sherman,  Dallas  and  Waco.  Fig.  2 
shows  a  characteristic  exposure  of  it  near  Dallas. 

(c)  miistin  Chalk. — This  overlies  the  Eagle  Ford  formation, 
and  is  in  places  an  earthy  limestone  which  carries  no  deposits 
of  clay  of  economic  value.  Its  intimate  association  with  the 
Eagle  Ford  shale,  however,  makes  it  of  value  for  admixture 
with  the  latter  for  the  manufacture  of  Portland  cement. 

{d)  Taylor  Marls. — These  form  a  somewhat  broad  belt  under- 
lying the  "  Black  Waxy  "  region  and  extending  parallel  with 
the  Eagle  Ford  shale  and  Austin  chalk  in  both  their  N-S.  and 
E-W.  course.  Their  general  character  is  that  of  marly  clays, 
and  in  their  physical  and  chemical  properties  they  bear  a  close 
resemblance  to  Eagle  Ford  beds.  They  are  not  sharply  sepa- 
rable from  the  next  member.  Fig.  3  is  a  pit  in  Taylor  marls  at 
Ferris,  Texas. 

(e)  Navarro  31arls. — These  rest  on  the  Taylor  marls  and  rep- 
resent the  highest  division  of  the  Cretaceous  in  eastern  Texas. 
While  distinguishable  with  some  difficulty  from  the  Taylor 
marls,  they  are  usually  more  sandy,  and  contain  some  glauco- 
uitic  material ;  they  also  yield  a  black  soil.  To  the  eastward  they 
pass  under  the  loose  beds  of  Tertiary  material.  On  the  geologic 
maps  which  have  been  published  no  attempt  is  made  to  sepa- 
rate the  Taylor  and  Navarro  marls,  the  two  forming  one  belt 
extending  from  northwestern  Bowie  county  through  Red  River, 
Delta,  Hunt  and  Collins  counties,  where  they  turn  southward 
and  form  a  belt  about  35  miles  wide  between  the  Austin  chalk 
and  the  western  border  of  the  territory.    The  clays  of  these  two 
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marl-formations  are,  on  the  whole,  more  extensively  utilized  than 
the  Eagle  Ford  shales,  and  at  times  possess  to  some  extent  the 
same  undesirable  properties.  Deposits  belonging,  probably,  to 
the  Navarro  marls  are  worked  at  Taylor  and  Ferris. 

3.  Comparison  of  Eagle  Ford  Clays  and  Taylor- Navarro  Marls. 

Table  II.  gives  the  minimum,  maximum  and  average  percent- 
ages of  the  ingredients  of  these  two  types  of  clay,  those  of  the 
former  being  the  average  of  eight  analyses,  and  those  of  the 
latter,  of  six. 


Table  II. —  Comparative  Analyses  of  Eagle  Ford  Clays  and 
Taylor-Navarro  Marls,  Texas. 


SiO., 

AlA 

FeA 

CaO 

MgO 

KjO 

Na^O 

TiO, 

H„0 

CO...... 

Organic  matter, 
SO. 


Eagle  Ford  Clays. 


Maximum . 


Per  Cent. 

67.00 

23.  SO 
6.48 

21.48 
2.09 
1.65 
2.00 
2.10 
7.06 

15.60 
3.00 
3.37 


Minimum. 


Per  Cent. 
34.60 
15.02 
1.87 
tr. 
0.15 
tr. 
0.05 
0.96 
5.20 
tr. 


Average. 


Per  Cent. 
55.74 
20.00 
4.17 
4.07 
1.35 
0.73 
1.07 
1.52 
6.06 
2.79 
1.55 
0.79 


Taylor-Navarro  Marls. 


Maximum . 


Per  Cent. 

79.00 

21.27 

8.37 

12.67 

2.14 

1.38 

1.60 

1.22 

6.90 

9.50 

1.4 

2.00 


Minimum.     Average. 


Per  Cent. 

47.92 

11.38 

2.44 

0.50 

0.20 


tr. 
0.70 
3.80 

"l.'34 
1.12 


The  averages  in  Table  II.  show  a  close  agreement,  the  main 
difference  being  the  higher  alumina-content  of  the  Eagle  Ford 
and  the  higher  lime-average  of  the  TayJor-Navarro  beds  (al- 
though the  former  showed  a  higher  maximum  percentage  6f 
lime).  The  difference  in  their  composition  is,  however,  so  small 
that  it  does  not  make  itself  felt  in  the  utilization  of  the  clay. 
Both  are  comparatively  high  in  organic  matter — too  high,  in  fact, 
to  permit  their  being  easily  burned ;  and  both  run  high  in  SO3, 
due  chiefly  to  the  presence  of  gypsum,  and,  to  a  small  extent, 
of  pyrite.  It  is  possible  that  the  decomposition  of  the  latter 
has  been  in  part  responsible  for  the  formation  of  the  gypsum, 
through  the  reaction  of  sulphuric  acid  on  the  calcium  carbonate 
in  the  clays. 
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V.  Tertiary  Clays. 

The  Tertiary  deposits  of  Texas  are  of  both  Eocene  and  Neo- 
cene age.  The  former  include  beds  of  great  economic  value, 
while  the  latter  are  usually  very  sandy,  and  carry  but  few  argil- 
laceous beds  of  good  quality.  While  the  Eocene  clays  are  of 
great  economic  importance,  the  lenticular  form  of  the  deposits 
and  the  enveloping  bodies  of  sand  with  which  they  are  fre- 
quently associated  render  their  discovery  more  or  less  difficult. 
The  lack  of  outcrops  and  the  heavy  mantle  of  vegetation  are 
also  serious  obstacles  to  rapid  prospecting. 

It  appears,  however,  from  the  wide  distribution  of  the  de- 
posits already  examined,  as  shown  in  Fig.  1,  that,  at  least  in 
certain  belts  of  territory  mentioned  below,  clays  may  be  sought 
with  excellent  chances  of  success.  This  being  the  case,  the 
delineation  of  the  boundaries  of  the  several  subdivisions  of  the 
Tertiary  becomes  a  matter  of  considerable  importance.  Un- 
fortunately, no  published  map  exists,  showing  the  boundaries 
of  the  Tertiary  formation  southwest  of  Bastrop  and  Robertson 
counties.  The  Tertiary  beds  of  that  portion  of  Texas  lying 
east  of  the  99th  meridian  consist  largely  of  unconsolidated 
materials,  from  coarse  gravels  to  very  fine  clays,  but  contain 
also  occasional  beds  of  sandstone,  limestone  and  lignite.  The 
several  subdivisions  of  the  Tertiary  are  given  in  Table  I.,  and 
the  characters  of  the  Eocene  ones  are  briefly  as  follows  : 

(a)  WiWs  Point  Clays. — These  beds,  the  basal  Eocene  deposits 
in  Texas,  consist  usually  of  a  stiff,  laminated,  yellow  or  bluish- 
green  clay,  with  interbedded  deposits  of  sand,  as  well  as  some 
calcareous  beds.  The  clays  themselves,  besides  being  some- 
what calcareous,  are  quite  sandy,  and  often  contain  crj^stals  of 
gypsum.  These  features  collectively  tend  to  decrease  their 
value  for  the  manufacturer. 

(h)  Lignitic  Clays. — This  formation,  overlying  the  Will's  Point 
group,  outcrops  through  a  broad  irregular  area,  as  shown  on 
the  sketch-map,  Fig.  1.  It  comprises  a  series  of  sands  and 
clay-beds,  and  often  (especially  near  the  base)  carries  beds  of 
lignite,  from  a  few  inches  up  to  12  ft.  in  thickness,  and,  at 
many  localities,  interstratified  with  beds  of  shale  and  clay — the 
shales  being  sometimes  semi-refractory,  while  the  clays  are 
non-refractory,  but  possess  excellent  plasticity.     A  third  type, 
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worked  at  New  J3oston  and  Sulphur  Springs,  is  a  red-burning, 
tough,  shaly  clay,  physically  not  unlike  some  of  the  Taylor- 
Navarro  marls,  but  containing  much  less  lime.  A  fourth  and 
more  widely  distributed  type  is  represented  by  lenticular  de- 
posits of  grayish,  highly  plastic,  refractory  or  semi-refractory 
clay,  occurring  throughout  the  entire  lignitic  belt,  and  already 
opened  up  in  Bexar,  Wilson,  Limestone,  Bastrop,  Falls,  Hen- 
derson, Smith,  Wood  and  Bowie  counties. 

Table  III,  gives  representative  analyses  of  the  clays  of  this 
group. 

Table  III. — Analyses  of  Tertiary  Clays,  Texas. 


SiO.,., 

AlA 
Ye,0, 
CaO.. 
MgO. 
K,0. 
Na.,0 
TiO.,. 
H,0., 


I.  Semi-Refractory    II.  Red-Buniing 

Clays,  Average        Clays,  Overlying 

of  Two  Analyses.  the  Lignite. 


Per  Cent. 
69.33 
19.38 
1.06 
0.86 
0.86 
tr. 
0.08 
1.40 
5.49 


Per  Cent. 
72.9 
14.7 
4.5 
0.6 
0.3 
1.5 
0.7 
1.0 
4.2 


III.  Stoneware- 
and  Fire-Clays. 


Per  Cent. 
70.65 
18.14 
0.82 
0.339 
0.6-28 
0.41 
0.55 
1.147 
6.187 


The  highly  siliceous  'character  of  all  three  classes  cannot 
fail  of  notice,  while  II.  diflers  from  I.  and  III.  chiefly  in  its 
percentage  of  ferric  oxide,  the  excess  of  which  seems  to  re- 
place alumina.  The  analyses  give  no  indication  of  the  physical 
differences.  All  three,  it  will  be  noticed,  show  appreciable 
amounts  of  titanic  acid.  The  wide  distribution  of  these  clays 
within  the  Lignitic  area  is  shown  on  the  map.  Fig.  1. 

Figs.  4  and  5  show  deposits  of  these  Lignitic  clays  at  Sas- 
pamco  and  Athens.  Since  the  heavier  beds  of  lignite  occur 
towards  the  base  of  the  formation,  the  shales  associated  with 
them  are  to  be  sought  next  to  the  northwestern  and  northern 
borders  of  the  area.  Not  all  of  the  shales  associated  with  the 
lignites  are  of  good  quality,  some  being  too  ferruginous  and 
others  too  carbonaceous. 

(c)  3Iarine  Beds,  or  Loioer  Claiborne  Stage. — This  formation  is 
generally  sandy  or  glauconitic,  but  carries,  here  and  there,  de- 
posits of  clay  possessing  some  economic  value,  and,  indeed,  re- 
sembling those  of  the  Lignitic  group.     The  formation  outcrops 
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in  a  broad  hook-shaped  area,  mostly  east  and  south  of  that  un- 
derlain by  the  Lignitic  deposits,  but  with  some  outliers  in  the 
latter,  in  Cass,  Harrison  and  Gregg  counties,  as  shown  in  the 
map,  Fig.  1.  Clays,  presumably  of  the  Marine  stage,  are 
worked  at  Rusk,  Nacogdoches  and  Henderson.  Those  at  Hen- 
derson, however,  are  so  near  the  boundary  of  the  Lignitic  that 
they  may  possibly  belong  to  it.  If  similar  deposits  should  be 
hereafter  found  at  intermediate  points,  the  Marine  beds  will 
closely  approximate  in  importance  those  of  the  Lignitic  forma- 
tion. 

(d)  Yegua  Clays,  Fayette  Clays  and  Frio  Clays. — These  forma- 
tions complete  the  deposits  of  Eocene  age.  So  far  as  now 
known,  they  do  not  contain  clay-beds  of  value, 

VL  Pleistocene  Clays. 

Along  the  coast,  the  Pleistocene  deposit  forms  a  broad  belt, 
extending  from  the  southeastern  border  of  the  Tertiary  to  the 
Gulf  of  Mexico.  The  deposits  are  of  several  types,  including 
beds  of  clay,  sand  and  gravel,  and,  while  attempts  have  been 
made  to  diflerentiate  them,  the  subdivisions  are  mostly  of  little 
value  to  the  clay-worker.  Of  the  several  groups  recognized, 
perhaps  the  most  important  is  that  of  the  Beaumont  clays  (Figs. 
6  and  7),  which  are  tough,  plastic,  brown,  blue  and  yellow  clays, 
carrying  irregularly  distributed  nodules  of  limestone.  They 
underlie  a  broken  belt  extending  from  Calhoun  to  Jefferson 
county,  and  are  worked  for  brick-making  around  Beaumont 
and  Houston.  At  Houston,  especially,  the  irregular  distribu- 
tion of  the  limestone  nodules  is  very  marked,  the  brick  of  one 
pit  being  full  of  them,  while  that  of  another  may  be  quite  free 
from  them,  and  hence  of  much  better  quality.  The  beds  are 
sometimes  of  very  irregular  thickness,  tilling  depressions  in  a 
more  sandy  clay. 

The  other  Pleistocene  formations,  underlying  the  broad  belt 
bordering  the  Gulf,  and  not  diiferentiated  on  the  map.  Fig.  1, 
contain  scattered  deposits  of  clay,  mostly  very  siliceous,  which 
are  used,  here  and  there,  in  the  manufacture  of  common  brick 
of  poor  quality,  but  have  no  other  commercial  value. 

In  addition  to  these,  I  should  mention  also  the  river-silts  un- 
derlying the  terraces  along  many  of  the  larger  rivers  (Figs.  8 
and  9),  such  as  the  Rio  Grande,  Colorado,  Brazos,  etc.     These 
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¥ui.  •_'.  — Haxk  of  Eagle  Ford  Clay,  West  Dallas,  Tex.  (p.  520). 


Fig.  3.— Pit  ix  Taylor  Marls,  Ferris,  Tex.  (pp.  526,  549). 
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Fig.  4. — Ligxitic  Clay  Used  for  Sewer-I'iit,,  Saspamco,  Tex.  (pp.  52U,  541). 


Fig.  5. — Lignitic  Clay,  Athens,  Tex.  (p.  -529). 
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Fig.  6. — Pit  ix  Beaumont  Clay,  Covered  with  a  Layer  of  Saxd  from 
1  TO  2  Ft.  Thick,  Beaumont,  Tex.  (p.  530). 


Fig.  7. — Pit  in  Beaumont  Clay.     The  Sides  are  Light-Colored  Sandy 
Clay  of  Columbian  (?)  Age,  Houston,  Tex.  (p.  530). 
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Fig.  8. — Calcareoits  Terrace  Deposit  Worked  for  Common  Brick  Clay, 
Laredo,  Tex.  (p.  530). 
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Fig.  9.--S1LTY  Clay  Underlying  Terrace  Along  Colorado  River, 
Austin,  Tex.  (pp.  530,  551). 
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range  from  silty  clays,  through  silts  to  clayey  sands,  and  are 
nearlj^  always  highly  calcareous,  the  calcium  carbonate  being 
present  as  concretions,  lumps,  shells,  or  in  a  finely-divided  con- 
dition, and  forming  at  times  more  than  50  per  cent,  of  the 
material,  without  apparently  diminishing  its  plasticity.  They 
are  especially  well  developed  at  Austin  and  Laredo. 

VII.  Classification  of  Clays. 
The  clays  of  the  area  under  discussion  have  been  divided  into 
four  classes,  according,  partly,  to  their  physical  and  chemical 
characters,  and  partly  to  their  practical  applications.  The 
names  are  those  usually  adopted  in  similar  classifications ;  but 
in  order  to  prevent  any  misinterpretation,  the  characters  of  each 
class  will  be  stated.     The  grouping  adopted  is  as  follows : 

1.  Fire-clays. 

2.  Stoneware-clays. 

(a)  BufF-burning  non-calcareous  brick-clays. 
(6)  Red-  and  brown-burning  brick-clays. 

3.  Brick-clays.  -    (c)  Calcareous  brick-clays. 

(d)  Sandy  brick-clays. 

(e)  Paving-brick  clays. 

4.  Slip-clays. 

1.  Fire- Clays. 

The  fire-clays  include  all  those,  the  fusing-point  of  which  is 
not  below  1,670°  C.  (3,038°  F.,  or  the  equivalent  of  Cone  27 
of  the  Seger  series).  They  are  always  low  in  fluxing-impuri- 
ties,  such  as  iron  oxides,  lime,  magnesia  and  alkalies,  contain 
a  medium  percentage  of  silica,  and  often  a  high  percentage  of 
alumina. 

Their  refractoriness  increases  as  they  approach  kaolinite  in 
composition ;  and  it  is  not  uncommon  to  divide  them  into  fire- 
clays and  semi-fire-clays,  or  into  grades  'No.  1  and  No.  2,  the 
latter  grade  being  frequently  used  for  stoneware  manufacture. 

2.  Stoneware- Clays. 
Usually  at  least  semi-refractory;  the  majority  fusing  not 
lower  than  1,670°  C.  (3,038°  F.,  or  Cone  27  of  the  Seger 
series).  They  possess  the  excellent  plasticity  necessary  to  per- 
mit molding  into  jugs,  pots,  etc.,  and  burn  to  a  practically  non- 
absorbent  body  at  the  temperatures  usually  reached  in  stone- 
ware-kilns. 
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3.  Brick- Clays. 

Used  for  the  manufacture  of  common,  pressed  and  paving- 
brick.  Since  these  clays  represent  a  wide  range  of  material, 
which  for  each  class  shows  more  or  less  definite  properties,  the 
group  has  been  subdivided  as  follows : 

(a)  JBuJf-Buming,  Non- Calcareous  Brick-Clays. — These  are 
semi-refractory  clays,  which,  by  reason  of  their  low  percentage 
of  iron  oxide,  burn  to  a  buft*  color.  They  are  frequently  quite 
siliceous,  and  aside,  from  their  color-burning  qualities  and  re- 
fractoriness, vary  considerably.  While  their  main  use  is  for 
ornamental  brick,  they  are  also  employed  for  making  terra- 
cotta and  low-grade  fire-brick. 

(6)  Red-  and  Brown-Burning  Brick-Clays. — Commonly  of  low 
refractoriness,  due  to  a  high  content  of  fluxing-impurities,  and 
burning  red  or  brown,  because  of  a  high  percentage  of  iron 
oxide.  They  all  possess  good  plasticity,  and  burn  hard  and  at 
least  fairly  dense,  at  a  comparatively  low  heat.  While  the 
main  application  of  these  clays  is  for  common-brick  manufac- 
ture, the}'  are  also  used  for  pressed  brick. 

(c)  Calcareous  Brick-Clays. — Those  brick-clays  which  contain 
a  high  percentage  of  calcium  carbonate,  and  in  which  the  lime- 
content  is  commonly  at  least  three  times  as  great  as  that  of  the 
iron  oxide  percentage,  on  which  account  they  burn  buff,  but 
differ  from  the  sub-class  (a)  in  the  lower  fusibility.  These  claj's 
range  from  very  plastic  to  very  siliceous  materials,  yield  a  rather 
porous  product,  and,  in  the  main,  are  adapted  to  little  else 
than  common  brick. 

(d)  Sandy  Brick-Clays. — Certain  occurrences  of  red-burning 
clays  are  so  highly  siliceous  as  to  warrant  placing  them  in  a 
group  by  themselves.  Owing  to  high  silica-content  these  clays 
are  of  low  plasticit}',  and  burn  to  a  very  porous  product. 
Though  frequently  containing  a  high  percentage  of  fluxes,  the 
fusion-point  is  raised  by  the  high  silica-content.  These  clays 
have  little  value  except  for  the  commonest  grades  of  brick. 

(e)  Paving-Brick  Clays. — Certain  plastic,  fine-grained  clays, 
of  comparatively  low  fusibility,  in  which  the  fluxing  and  refrac- 
tory elements  are  so  balanced  that  the  clays  burn  to  a  non- 
absorbent  body,  at  comparatively  low  temperature,  and  attain 
this  condition  some  time  before  they  become  viscous.  These 
clays  are  not  infrequently  of  shaly  character. 
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4.  Slip-Clays. 

Clays  containing  so  high  a  percentage  of  fluxing-impurities 
as  to  melt  to  a  glass  at  the  temperature  at  which  stoneware  is 
burned,  and  therefore  used  as  natural  glazes.  Fineness  of  grain 
and  proper  chemical  composition  are  the  maiii  factors  of  value 
in  this  group. 

VIII.  Physical  and  Chemical  Tests  oe  the  Clays. 

The  economical  value  of  a  clay  is  most  clearly  determined 
by  means  of  physical  tests  and  chemical  analyses,  the  former 
being  the  more  important.  In  the  physical  tests  it  is  neces- 
sary to  determine  the  shrinkage  in  the  air,  as  indicative  of  the 
degree  of  freedom  from  cracking  in  drying ;  the  tensile  strength, 
as  showing  the  bonding-power;  the  fire-shrinkage  at  the  tem- 
peratures at  which  each  class  of  clay  is  likely  to  be  burned ;  the 
absorption,  to  test  the  density  to  which  the  clay  will  burn ;  and 
the  fusion-point.  The  chemical  analysis  gives  valuable  clues 
regarding  the  color-burning  qualities,  refractoriness,  sandiness, 
etc.  In  testing  the  Texas  clays,  each  sample  was  burned  at  six 
different  temperatures ;  but  in  this  paper  only  those  results 
have  been  tabulated  which  were  obtained  at  the  two  tempera- 
tures usually  employed  in  burning  clay  in  practice, 

1.  Fire-Clays. 

The  Texas  clays  which  are  used  in  the  manufacture  of  fire- 
brick are  refractory  or,  at  least,  semi-refractory.  With  the 
exception  of  a  few  occurrences  in  the  Woodbine  formation 
^bout  Denton,  these  clays  are  confined  to  the  Tertiary  age. 
The  deposits  I  examined  were  further  restricted  to  the  areas 
mapped  in  Fig.  1  as  Lignitic  and  Marine — chiefly  to  the  for- 
mer. The  most  southerly  deposit  is  at  Adkins,  Bexar  county. 
The  next  occurrence  northward  is  at  Elgin,  Bastrop  county ; 
and  there  are  others  in  Bremond,  Henderson,  New  Boston  and 
Bowie  counties,  and  two  near  Sulphur  Springs,  in  Hopkins 
county. 

At  none  of  these  points  are  the  beds  continuously  traceable 
for  any  great  distance;  and  the  frequent  association  with 
sands  and  sandy  clays  indicates  that  the  conditions  over  that 
region  during  their  deposition  must  have  been  changeable,  and 


)38 


THE    CLAYS  OF    TEXAS. 


Table  IV. — Physical  Tests  and  Chemical 


Locality. 


1.25  miles  S.  of  Adkins,  Bexar  Co. 
5.5  miles  E.  of  Elgin,  Bastrop  Co.. 
5.5  miles  E.  of  Elgin,  Bastrop  Co.. 

Milam  Junction,  Milam  Co 

Bremond,  Robertson  Co 

Headsville,  Limestone  Co 

Headsville,  Limestone  Co 

Athens,  Henderson  Co 

Athens,  Henderson  Co 

Malakoflf,  Hender.son  Co 

MalakofF,  Henderson  Co 

Sulphur  Springs,  Hopkins  Co 

New  Boston,  Bowie  Co 


926 
957 
956 
923 
952 
954 


851 
852 
849 
850 
870 
861 


Physical  Tests. 


Lb.  per 
Sq.  In 
130.0 

186.0 

277.0 

47.0 

43.5 

64.0 

46.0 

155.0 

114.0 

106.0 

160.0 

68.6 

83.0 


Per 

Cent. 

6.0 

9.0 

8.0 

5.6 

4.0 

4.0 

3.3 

8.3 

6.6 

6.1 

6.3 

4.3 

5.1 


Cone  1. 


1150°  C. 


Per 

Cent. 

1.3 

4.7 

3.0 

5.0 

0.3 

0.6 


1.6 
0.6 
3.4 
1.7 
2.4 
1.6 


Per 
Cent. 
13.80 

6.36 

8.72 

13.80 

13.13 

15.97 

14.16 

13.13 

12.87 

14.68 

13.15 

13.43 

15.35 


Cone  9. 


1310°  C. 


Per 

Cent. 

3.0 

5.7 

9.0 

9.3 


3.0 
0.3 
4.3 
0.3 
7.0 
4.0 
4.3 
3.4 


Per 
Cent. 
11.12 

0.225 

0.20 

8.61 

12.06 

11.92 

12.29 

6.83 

11.58 

8.30 

0.22 

8.34 

10.54 


that  these  beds  are  probably  of  irregular  or  somewhat  lenticular 
form.  This,  however,  has  not  prevented  the  occasional  accu- 
mulation of  bodies  of  considerable  thickness. 

One  of  the  best  sections  seen  was  in  the  pit  of  the  Athens 
Fire  Brick  Co.  at  Athens,  where  the  beds  dip  about  5°-  SE.  It 
shows,  from  the  surface  down,  the  following  series  :  sand,  2  ft. ; 
brick-  and  tile-clay,  8  ft. ;  and  fire-clay,  15  ft.,  with  sand  below. 

According  to  the  Texas  Survey^  there  are  in  this  region  at 
least  five  beds  of  fire-clay,  from  2  to  12  ft.  thick.  A  number 
of  scattered  openings  have  been  made  in  them.  To  the  north- 
east, in  Hopkins  county,  the  clays  have  been  again  opened  up 
6  miles  southeast  of  Sulphur  Springs,  where  the  section  is : 
mottled  clay,  3  ft. ;  fire-clay,  12  ft. ;  and  yellowish  sandy  clay, 
2  ft.,  with  sand  below.     This  deposit  has  been  proved  over  an 

^  1st  Annual  Report,  p.  36  (1889),  and  2d  Annual  Beport,  p.  194  (1890),  Texas 
Geological  Survey. 
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Properties  of  Fire-Clays,  Texas. 
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Chemical  Composition. 

Color  After 

Si02. 

AI2O3. 

FeoO, 

CaO. 

MgO. 

KnO. 

NaaO. 

TiOo. 

HoO. 

Total. 

Burning. 

Per 

'  "3 

0 

H 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Yellowish  white 

69.70 

21.50 

0.40 

tr. 

0.50 

0.30 

1.00 

0.12 

7.10 

100.62 

2.20 

Buff. 

65.60 
71.30 
57.40 

22.50 
19.70 
28.40 

1.20 
1.00 
0.72 

0.70 
2.10 
0.10 

tr. 

tr. 

0.10 

tr. 
tr. 
tr. 

1.70 
0.80 
0.47 

1.10 

tr. 

1  48 

7.70 
5.80 
10.44 

100.50 
100.70 
99.11 

3.60 

Buff. 

3.90 

White 

1.39 

White 

83.00 
70.82 
77.40 

7.42 
18.90 
15.70 

0.36 
0.40 
0.70 

tr. 
tr. 
tr. 

3.01 
tr. 

0.30 
tr. 
tr. 

1.26 

0.50 

tr. 

0.70 
2.10 
0.70 

3.70 
6.80 
5.70 

99.75 
99.52 
190.20 

4.93 

Light  buff 

0.90 

White 

0.70 

Light  buff. 

74.04 

15.15 

0.50 

0.50 

0.27 

0.42 

1.12 

1.31 

6.00 

99.31 

2.81 

Buff. 

77.29 
62.12 
69.88 

15.29 
25.11 
20.47 

1.59 
0.30 
0.21 

0.33 
0.33 
0.50 

tr. 
0.21 
0.30 

tr. 

tr. 

0.15 

0.12 
0.10 
0.33 

1.18 
2.12 
1.40 

4.75 

10.00 

6.68 

100.55 
100.29 
99.92 

2.04 

Buff.  

0.94 

Buff. 

1.49 

Buff. 

74.03 
73.68 

17.10 
17.01 

0.57 
0.50 

0.10 
0.08 

0.22 
1.36 

0.30 
tr. 

0.60 
0.15 

1.36 
1.57 

6.15 
6.00 

100.43 
100.19 

1.79 

Buff. 

2.09 

area  of  80  acres.  The  clay  is  slightly  more  refractory  than  that 
at  Athens. 

The  deposit  6  miles  south  of  New  Boston  agrees  very  closely 
in  composition  with  that  near  Sulphur  Springs. 

Table  TV.  shows  the  results  of  physical  tests  and  chemical 
analyses  of  the  Texas  fire-clays.  Under  the  former  head,  the 
table  gives  the  shrinkage  and  the  absorption  of  the  clay  at  the 
temperature  of  Seger  cone  N'o.  9  (1,310°  C),  which  is  about 
the  lowest  heat  at  which  the  fire-bricks  are  likely  to  be  burned. 
Its  behavior  at  cone  1  (1,150°  C.)  is  also  given,  to  indicate  its 
changes  at  a  lower  temperature. 

The  analj'ses  in  Table  IV.  show  that  all  these  clays,  except 
one  (from  Milam  Junction),  are  to  be  classed  as  siliceous,  the 
silica-contents  averaging  71.25  per  cent.  This  somewhat  im- 
pairs the  refractoriness.  The  total  fluxes  range  from  0.70  to 
4.93    per    cent.,  which  is    not  excessive.      The    fusion-points 
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range  from  cone  27  (1,670°  C.)  to  cone  33  (1,790°  C),  9  of  the 
12  tested  fusing  above  cone  30,  and  two  as  high  as  cone  33. 
Ten  of  the  twelv^e  can  therefore  be  regarded  as  good  fire-clajs. 
The  refractoriness  does  not  stand  in  direct  relation  to  chemical 
composition,  since  the  factpr  of  texture  plays  an  important  role 
in  some  of  them,  as  in  the  clays  from  Athens  and  Bremond. 

The  physical  tests  show  that  most  of  the  samples  have  at 
cone  9  (1,310°  C),  a  low  or  moderate  shrinkage  and  moderate 
absorption.  Some,  however,  such  as  those  from  Elgin,  Mala- 
koff  and  Athens,  burn  too  dense  if  used  alone,  and  have  to  be 
mixed  with  more  porous  material. 

At  the  present  time,  the  Texas  fire-clays  are  but  little  used. 
Only  those  at  Athens  have  been  steadily  worked.  This  is  due 
partly  to  the  small  demand  and  partly  to  the  fact  that  St.  Louis 
fire-brick  are  shipped  into  the  State  at  a  very  low  price.  With 
proper  management,  however,  there  seems  to  be  an  excellent 
chance  for  developing  the  Texas  refractories,  so  that  they  can 
be  used  not  only  at  home,  but  also,  to  some  extent  at  least,  by 
Mexican  consumers. 

2.  Stoneware- Clays. 

The  stoneware-clays  are  found  chiefly  in  the  Lignitic  Ter- 
tiary formations,  although  a  few  are  known  in  the  Carbonifer- 
ous beds,  as  at  Rock  Creek,  while  those  around  Lloyd  and 
Denton  are  of  Cretaceous  age.  Omitting,  for  a  moment,  the 
Carboniferous  and  Cretaceous  occurrences  from  consideration, 
it  will  be  seen  that,  beginning  with  the  most  southern  locality 
described — viz.,  Strumberg,  Bexar  county — the  stoneware-clays 
extend  across  the  State  in  a  general  SW-NE.  direction,  the 
most  northeasterly  being  at  Texarkana,  Bowie  county  (see  map. 
Fig.  1),  and  all  appear  to  be  located  within  the  areas  of  outcrop 
of  the  Lignitic  and  Marine  divisions  of  the  Eocene.  There  is 
some  doubt  in  my  mind  whether  those  clays  falling  within 
the  Marine  areas  as  outlined  on  Adams's  map,*  really  belong  to 
this  division,  or  are  islands  of  the  Lignitic,  projecting  through 
a  thin  layer  of  Marine  beds.  Similarly,  some  of  those  lying  in 
the  Lignitic  area  might  belong  to  outliers  of  the  Marine. 

As  a  rule,  the  exposures  are  not  large.    One  of  the  best  is  in 

*  Bvlletin  No.  184,  U.  S.  Geological  Survey  (1901). 
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the  pit  of  the  sewer-pipe  works  at  Saspamco  (Fig.  4),  which 
shows :  (1)  sandy,  laminated,  iron-stained  surface-clay,  4  ft. ; 
(2)  chocolate  clay,  8  ft. ;  (3)  yellow  ferruginous  clay,  1  ft. ;  and 
(4)  tough,  dense  chocolate  clay,  7  feet. 

The  beds  dip  gently  to  the  southeast,  and  the  deposit  can  be 
followed  along  the  strike  for  at  least  1,500  ft.  The  clays  are 
interstratified  with  sands  and  sandstones. 

The  pit  3  miles  SW.  of  Lavernia  shows:  coarse  yellow  sand, 
2  ft. ;  red  sandy  clay,  4  ft. ;  and  dove-colored  pottery-clay,  9  ft. 

This,  it  will  be  seen,  is  quite  different  from  the  section  given 
above.  Additional  sections  would  but  serve  to  emphasize  this 
irregularity.  At  most  of  the  localities  now  worked  the  pits  are 
small,  and  it  is  difficult  to  get  any  definite  information  regard- 
ins;  the  extent  of  the  individual  beds  without  making  a  series 
of  borings. 

The  constant  feature  of  the  deposits,  however,  is  the  charac- 
ter of  the  stoneware-clay,  wherever  found. 

The  only  known  occurrences  of  Cretaceous  stoneware-clays 
are  at  Denton  and  Lloyd,  in  Denton  county,  where  the  materials 
used  represent,  according  to  Ilill,-^  a  locally  pure  phase  of  the 
Kiamitia  clays  of  the  Woodbine,  which  is  Upper  Cretaceous. 
If  this  be  so,  there  is  little  use  in  hunting  for  them  north  or 
south  of  these  points;  and  the  Tertiary  formations  must  be  the 
main  source  of  supply  in  eastern  Texas.  The  actual  conditions 
at  Denton  are  not  very  different  from  those  in  the  Tertiary 
belt,  the  section  at  one  Denton  pottery  showing :  yellow  mot- 
tled clay  (rejected),  from  4  to  6  ft. ;  and  dove-colored  pottery- 
clay,  from  2  to  3  ft.;  with  sand  below. 

The  pit  at  Lloyd  shows  from  4  to  7  ft.  of  pottery-clay ;  while 
in  the  buff-burning  brick-clay  pit  near  Denton,  the  good  clay 
has  a  total  thickness  of  not  less  than  8  ft. 

Table  V.  gives  the  physical  properties  and  chemical  compo- 
sition of  the  Texas  stoneware-clays,  and  shows  them  to  present 
considerable  uniformity  in  some  respects  and  variation  in 
others.  They  vary  also  in  absorptive  power  for  water  (not 
given  in  the  table),  requiring,  in  mixing,  from  18.7  to  34.1  per 
cent.,  with  an  average  of  25.35  per  cent.  The  majority  show 
a  low  air-shrinkage;    and,  with    few   exceptions,  the    tensile 

5  2]st  Annual  Report,  U.  S.  Geological  Survey,  pt.  vii.,  p.  295  (1899-1900). 


542 


THE    CLAYS  OP    TEXAS. 


Table  V. — Physical  Tests  and  Chemical 


Locality. 


Denton,  Denton  Co 

Lloyd,  Denton  Co 

Strumberg,  Bexar  Co 

Elmendorf,  Bexar  Co 

Saspamco,  Wilson  Co 

Lavernia,  Wilson  Co 

McDade,  Bastrop  Co 

Denny,  Falls  Co 

Athens,  Henderson  Co 

Athens,  Henderson  Co , 

Tyler,  Smith  Co 

Cornersville,  Wood  Co 

Cornersville,  Wood  Co 

Winnsboro,  Wood  Co 

Winnsboro,  Wood  Co , 

Texarkana,  Bowie  Co 

Nacogdoches,  Nacogdoches  Co 

Henderson,  Rusk  Co 

Henderson,  Rusk  Co 


o 


•5  2 

I  §a 


J 

I  St: 


845 

913 

925 

808 

807 

948 

960 

953 

853 

854 

928 

874 

874B 

872 

872B 

858 

855 

929 

927 


Physical  Tests. 


Per 
Cent 
8.6 

7.0 

5.8 

6.8 

10.2 

7.3 

7.6 

6.3 

7.0 

6.8 

6.6 

5.1 

5.8 

6.4 

7.2 

6.6 

9.6 

6.0 

7.0 


•SO 


Lb.  per 

Sq.  In. 

320 

202 

183 

245 

257 

204 

213 

217 

90 

143 

224 

66 

175 

139 

163 

140 

302 

89.7 

108 


Cone  1. 
(1150°  C.) 


a  a 

CO 

Per 

Cent. 

2.4 

1.7 

3.0 

3.4 

3.3 

3.3 

2.7 

4.0 

4.0 

4.0 

0.7 

2.7 

3.3 

2.6 

7.0 

2.0 

2.6 

4.0 

4.3 


Per 

Cent. 
5.36 

7.52 

9.46 

8.69 

6.57 

7.8 

10.92 

9.29 

12.47 

13.76 

11.81 

12.15 

9.0 

11.02 

6.08 

13.14 

5.68 

12.22 

11.16 


Cone  5. 
(1230°  C.) 


,13 


Per 

Cent. 

2.6 

3.0 

4.7 

4.3 

5.7 

4.6 

5.3 

5.0 

6.0 

6.4 

1.7 

4.3 

7.4 

4.4 

8.9 

4.3 

4.0 

5.0 

6.0 


Per 

Cent. 

3.8 

6.4 

4.26 

6.35 

2.83 

3.6 

8.41 

5.53 

8.71 

11.21 

9.16 

9.14 

2.41 

8.41 

0.21 

8.32 

3.30 

9.32 

5.41 


Cone  9. 
(1310°  C.) 


Per 

Cent. 

4.6 

3.0 

4.7 

4.4 

9.4 

10.66 

12.7 

6.6 

10.4 

6.5 

2.0 

4.7 

8.4 

7.0 

4.6 

6.7 

5.7 

6.3 

6.0 


Per 

Cenc. 

2.0 

4.6 

3.7 

2.29 

0.82 

2.1 

6.5 

1.38 

1.52 

7.45 

6.51 

2.27 

1.1 

2.43 


2.4 
4.0 
6.34 
4.83 


strength  is  excellent.  In  almost  every  case,  the  fire-shrinkage 
increases  gradually,  while  the  absorption  decreases  with  the 
temperature;  so  that  at  cone  5  many  of  them  yield  a  body  of 
good  density.  This  is  notably  true  of  the  clays  from  Strum- 
berg, Nacogdoches,  Cornersville  and  Winnsboro.  The  tempera- 
ture reached  in  burning  by  the  Texas  potters  is  not  known,  but 
is  probably  below  the  fusion-point  of  cone  5  (1,230°  C). 

At  cone  9  there  is  obtained,  in  most  cases,  a  considerable 
increase  in  the  density  of  the  ware,  without  increase  in  the  fire- 
shrinkage.  The  temperature  at  which  the  clay-particles  fuse 
sufficiently  to  become  steel-hard  varies  from  cone  03  to  cone  9. 
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Composition  of  Stoneware-  Clays,  Texas. 


15 
27 
25 
27 
27 
28 
28 
30 
27 
29-30 
27 
27 
27 
27 
26 
27 
27 


Color  After 
Burning. 


Chemical  Composition. 


SiOo 


AI0O3 


Buff. 

Deep  buff... 

Buff. 

Buff. 

Buff. 

Buff. 

Deep  buff- 
Buff. 

Whitish 

Whitish 

Buff. 

Buff. 

Dark  buff... 
Light  buff.. 

Buff 

Buff. 

Deep  buff... 

Buff. 

Pink  buff... 


Per 
Cent. 
69.56 

70.00 

65.64 

68.3 

64.92 

68.84 

74.3 

68.6 

70.00 

72.22 

78.22 

71.57 

72.00 

63.3 

72.00 

71.2 

75.33 

69.80 

67.84 


FeaOs. 


Per 
Cent. 
15.69 

18.7 

20.48 

20.1 

22.7 

21.15 

16.0 

20.47 

17.78 

17.93 

8.71 

17.12 

16.39 

23.4 

17.6 

18.0 

14.73 

15.85 

21.80 


Per 

Cent. 
2.37 

1.2 

1.44 

1.0 

0.8 

1.15 

1.4 

0.72 

0.14 

0.43 

0.72 

1.65 

0.57 

1.6 

0.8 

0.6 

1.1 

1.6 

1.0 


CaO. 


Per 
Cent. 

2.38 

0.5 
1.7 

tr. 
0.10 

tr. 

tr. 

tr. 

tr. 
0.1 
3.30 
0.15 
0.5 

tr. 

tr. 

tr. 
0.05 
3.4 

tr. 


MgO. 


Per 

Cent. 
2.0 

1.2 

0.32 

2.4 

0.74 

tr. 


0.4 
0.18 
0.65 
1.1 
0.95 
1.4 
0.3 
0.2 
2.0 
1.61 
0.53 
tr. 


K20. 

NaoO. 

TiOs. 

H2O. 

TotaL 

Per 

Per 

Per 

Per 

Per 

Cent.  Cent. 

Cent. 

Cent. 

Cent. 

0.77 

0.87 

1.2 

5.0 

99.84 

tr. 

0.5 

1.0 

6.1 

99.2 

1.0 

0.6 

0.27 

7.5 

98.95 

tr. 

0.6 

1.2 

6.6 

100.2 

0.12 

0.71 

1.4 

7.0 

98.49 

0.45 

1.12 

1.22 

6.62 

100.55 

0.5    1  0.6 

0.5 

5.07 

100.33a 

1.33 

0.25 

1.13 

6.26 

99.16 

0.73 

1.08 

1.4 

6.36 

99.036 

tr. 

0.29 

1.5 

6.26 

99.38 

0.45 

1.17 

0.17 

5.5 

99.1 

0.38 

0.88 

1.25 

5.8 

99.75 

tr. 

0.84 

1.05 

6.1 

98.85 

0.9 

1.0 

1.2 

7.6 

99.3 

1.2 

tr. 

1.4 

5.6 

98.8 

0.9 

0.3 

0.7 

5.8 

99.5 

0.64 

0.1 

1.27 

4.5 

99.33 

0.5 

1.05 

0.17 

6.72 

99.62 

0.39 

1.11 

1.48 

7.37 

100.99 

8.29 

3.4 

5.06 

4.0 

2.37 

2.72 

2.5 

2.7 

2.13 

2.47 

6.8 

4.01 

3.31 

3.8 

2.2 

3.8 

3.5 

7.08 

2.50 


a  Organic  matter,  3.7  per  cent. 


b  Organic  matter,  1.36  per  cent. 


The  average  chemical  composition  of  the  Texas  stoneware- 
clays  is:  SiO.„  70.22;  Al.A,  18.14;  Fc^Og,  0.99;  CaO,  0.63; 
MgO,  1.28;  Na^O,  0.87;  K^O,  0.77;  TiO„1.15;  H^O,  6.80  per 
cent.  They  are  therefore  to  be  classed  as  siliceous  clays,  and 
their  high  silica-content  is  an  influential  factor  in  the  depres- 
sion of  the  fusion-point,  which  is  still  further  lowered  by  the 
fluxing-constituents  of  the  clay.  The  percentage  of  iron  oxide 
is  low,  and  hence  the  clays  burn  buff.  The  proportion  of  lime 
in  all  these  clays  is  also  small,  except  those  which  appear  to 
belong  to  the  Marine  beds. 

The  fact  that  certain  clays  are  here  classed  as  stoneware-clays 
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does  not  indicate  that  they  can  be  used  solely  for  this  purpose. 
The  term  is  rather  to  be  regarded  as  an  index  of  certain  phys- 
ical qualities  characteristic  of  stoneware-clays.  While  the  most 
important  use  is  in  the  manufacture  of  stoneware,  these  clays 
are  also  employed  for  making  buii'  brick,  floor-tile,  retorts,  fire- 
brick ;  in  short,  any  kind  of  ware  in  which  a  fire-clay  of  plas- 
tic, more  or  less  dense-burning  quality,  and  good  bonding- 
power  is  desired. 

Since  their  value  is  never  suflicieutly  high  to  permit  their 
shipment  to  distant  markets,  these  clays  must  be  utilized  near 
the  deposits.  The  Texas  stoneware-clays,  therefore,  await  com- 
mercial development. 

3.  Brick-Clays. 

The  clays  used  for  brick-manufacture  in  Texas  can  be  classi- 
fied on  an  economic  basis  as :  (a)  buff-burning,  non-calcareous 
brick-clays  of  Carboniferous,  Cretaceous  or  Tertiary  age ;  [h) 
red-  and  brown-burning  clays,  of  Carboniferous  to  Pleistocene 
age,  for  common  and  pressed  brick;  (c)  calcareous  brick  clays, 
cream-burning,  of  Pleistocene  age;  (d)  sandy,  red-burning 
clays,  mostly  of  Pleistocene  age;  and  (e)  paving-brick  clays  of 
Carboniferous  age. 

(«)  Buff-Burning  Non- Calcareous  Cloys. — These  are  known  to 
occur  in  the  Cretaceous,  Lignitic  and  Marine  Tertiary,  and  in 
the  Carboniferous.  The  only  occurrence  noted  in  the  Carbonif- 
erous (although  there  are  doubtless  others)  was  at  Cisco,  East- 
land county,  where  the  lower  shale,  just  below  the  coal,  is  of 
the  proper  composition  to  yield  a  bufl-burning  brick.  The 
material,  however,  would  have  to  be  mined  together  with  the 
coal. 

Among  the  Cretaceous  formations  there  are  two  areas  sup- 
plying material  of  this  class.  One  is  the  district  along  the  Rio 
Grande  at  Minera,  "Webb  county,  the  other  at  Denton,  Denton 
county.  At  Minera  and  Cannel,  beds  of  carbonaceous  shale, 
from  2  to  3  ft.  thick,  are  found  underlying  both  coal-seams,  and, 
owing  to  the  thinness  of  the  latter,  more  or  less  of  the  former 
also  has  to  be  removed  in  mining  the  coal.  For  some  time 
this  shale  was  allowed  to  accumulate  on  the  dump,  but  since 
its  value  was  recognized  it  has  been  shipped  down  to  Laredo. 
While  these  shales  burn  to  a  good  product,  their  frequently 
high  content  of  carbonaceous  matter  and  pyrite  renders  it  im- 
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portaut  that  they  should  be  well  weathered  before  using.  The 
economic  value  will  continue  only  as  long  as  these  clays  can  be 
mined  with  the  coal. 

The  clays  found  at  Denton  difter  in  character  from  the  pre- 
ceding, being  of  more  desirable  quality  as  well  as  better  located 
for  development.  These  clays  occur  in  the  "Woodbine  forma- 
tion of  the  Upper  Cretaceous ;  and  the  following  section,  from 
the  pit  of  the  Denton  Pressed  Brick  Co.,  illustrates  the  mode 
of  occurrence :  blue  clay,  from  1  to  6  ft. ;  yellow-mottled  clay, 
5  ft. ;  greasy-gray  clay,  called  "  ball-clay,"  4  ft. ;  black  clay, 
from  2  to  3  ft. ;  and  yellow-mottled  bottom-clay,  from  1  to  2  ft, 
with  sand  below. 

This  occurrence  presents  a  series  of  beds,  more  or  less  dis- 
similar in  physical  characters  and  chemical  composition  (see 
Table  VI.),  so  that  the  manufacturer,  by  selection  or  mixture, 
can  produce  a  variety  of  results.  The  section  is  also  interesting 
as  showing  the  frequent  change  in  character  of  the  material 
deposited  at  this  place. 

The  black  clay  represents  the  most  common  type  found  in 
the  Woodbine  formation.  The  others,  according  to  Hill,  are 
exceptional  and  contined  to  the  region  around  Denton. 

More  important,  however,  are  the  clays  of  the  Tertiary  beds, 
which  occur  near  the  base  of  the  Lignitic  stage,  associated  with 
the  lignite  beds,  as  well  as  higher  up  in  the  series,  and  even  in 
the  Marine  stage.  Their  distribution  is,  in  fact,  practically  co- 
extensive with  the  deposits  described  under  stoneware  and  fire- 
clays, many  of  which  can  be,  and  some  of  which  are  already 
(as  at  Malakoti"),  used  in  the  manufacture  of  pressed  brick. 

Those  occurring  interbedded  with  the  lignites  are  usually 
shaly,  often  slightly  carbonaceous,  and  have  been  more  or  less 
worked  in  the  vicinity  of  Rockdale,  Milam  county.  The  value  lies 
in  the  fact  that,  on  account  of  the  low  iron-content,  these  clays 
burn  at  a  comparatively  low  temperature  to  an  agreeable  bufi 
color,  as  well  as  to  a  hard  body.  The  depth  below  the  surface 
is  variable ;  at  a  few  points  the  clays  have  been  worked  at  the 
outcrop.  The  importance,  however,  will  always  be  more  or  less 
dependent  on  the  development  of  the  lignite,  since  underground 
workings  for  the  sake  of  the  clay  alone  would  not  pay. 

The  other  clays  included  in  this  group  are  those  from  Cala- 
veras, Adkins  and  Rusk, — all  occurring  as  lenticular  deposits, 
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Table  VI. — Physical  Tests  and  Chemical  Composition 


Locality. 


Cisco,  Eastland  Co 

Undershale,  Minera,  Webb  Co. 
Uiidershale,  Cannel,  Webb  Co. 

Denton,  Denton  Co 

Denton,  Denton  Co 

Denton,  Denton  Co 

Calaveras,  Wilson  Co 

Adkins,  Bexar  Co 

Rockdale,  Milam  Co 

Rockdale,  Milam  Co 

Rockdale,  Milam  Co 

Rusk,  Cherokee  Co 


s 

Physical  Tests. 

xi 

Cone  1. 
(1150°  C.) 

Cone 
(1230° 

5. 
C.) 

s 
^; 

2 

g 
o 

5 

61) 
CO  g 

P 

a> 
a 

CO 

< 

.a 

03 

a 
o 

1 

< 

.a 

CO 

d 
o 

< 

944 

Lb.  per 
Sq.  In. 

208 

Per 

Cent. 
6.6 

Per 

Cent. 

3.7 

Per 
Cent. 
6.5 

Per 

Cent. 
5.4 

Per 
Cent. 
0.421 

802 

167 

10.1 

Vitrified. 

14 

804 

301 

8.0 

5.0 

6.49 

5.6 

5.84 

-27 

842 

173 

8.6 

5.0 

0.7 

7.0 

0.5 

843a 

329 

7.5 

6.7 

0.6 

7.4 

0.6 

844 

318 

8.0 

5.7 

0.1 

7.0 

0.5 

810 

191 

6.9 

6.7 

5.49 

5.0 

0.76 

27 

815 

161 

7.6 

0.6 

13.78 

1.4 

11.17 

14 

814 

291 

6.7 

1.7 

8.41 

2.0 

6.01 

27 

827 

189 

11.6 

28 

829 

302 

9.1 

4.3 

5.7 

4.0 

4.65 

27 

856 

261 

10.3 

2.3 

9.35 

6.3 

5.0 

27 

«  The  analysis  shows  16.6  percent,  of  Fe.fi-^,  which,  if  uniformly  distributed, 

large  grains,  and  the  clay  therefore 

associated  with  sands,  and  on  this  account  the  point  of  mining 
operations  would  have  to  be  shifted  from  time  to  time,  if  the 
demand  for  the  clay  were  large.  All  three  occurrences  are 
somewhat  semi-refractory,  and  the  last  two  clays  are  quite  sili- 
ceous— in  fact,  contain  sand-streaks.  The  properties  of  these 
clays  are  given  in  Table  VI. 

(6)  Red-  and  Brown-Barning  Brick-Clays. — A  considerable 
number  of  clay-deposits,  scattered  through  the  eastern  half  of 
Texas,  are  utilized  for  the  manufacture  of  common  or  pressed 
red  brick.  These  deposits  probably  represent  a  larger  number 
of  formations  than  those  w^orked  for  any  other  kinds  of  clay- 
products  in  the  State.  The  Carboniferous  beds  of  northern 
Texas  carry  a  number  of  beds  of  shale  associated  with  the  coal, 
and  sometimes  outcropping  on  the  hill-slopes.  These  are 
worked  at  Thurber,  Erath  county ;  yield  an  excellent  red  brick 
for  structural  and  pa\ang  purposes ;  and  are  also  adapted  to 
the  manufacture  of  sewer-pipe.    A  section  from  the  mine  of  the 
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Chemical  Composition. 

Color  After 

Burning. 

SiOj. 

AI2O3. 

FeaOs 

CaO. 

MgO. 

KoO. 

Na«0. 

TiOs. 

H2O. 

Total. 

s 

0 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Buff. 

62.26 

23.78 

3.02 

tr. 

0.10 

1.16 

1.59 

1.40 

7.12 

100.43 

5.87 

BufiF. 

63.00 

23.00 

2.5 

tr. 

1.1 

1.7 

0.3 

1.3 

4.8 

97.7 

j   5.6 

Buff. 

57.00 

22.2 

2.1 

0.25 

tr. 

tr. 

0.21 

1.31 

6.65 

99.72 

!    2.56 

Buff. 

57.00 

51:5 

56.2 

70.5 

68.7 

77.00 

25.59 

17.6 

23.7 

18.3 

15.9 

15.87 

3.44 
16.6 
1.5 
1.8 
3.3 
1.26 

0.% 
1.00 
0.6 
tr. 
3.1 
1.10 

0.72 

1.1 

1.5 

0.9 

0.5 

0.37 

0.94 

1.5 

1.4 

tr. 

tr. 

0.82 
tr. 
2.2 
0.2 
0.3 

0.87 

1.6 

1.6 

1.2 

1.4 

0.87 

10.00 
7.7 

11.1 
5.5 
5.9 
4.5 

100.34 
98.60 
99.8 
98.4 
99.1 

100.97 

6.98 

Brown  buff 

20.2 

Buff. 

7.2 

Buff. 

2.9 

Buff. 

7.2 

Buff. 

2.73 

Buff. 

&1.00 

22.59 

1.22 

0.88 

1.15 

tr. 

0.06 

1..51 

5.80 

97.21 

;    3.31 

Buff. 

67.00 
82.45 

19.68 
10.92 

0.72 
1.02 

0.62 
0.22 

1.06 
0.96 

tr. 


1.18 

1.82 
1.00 

6.07 
2.47 

97.15 
99.10 

i    2.58 

Buff. 

!   2.26 

would  indicate  a  deep-red  burning  clay.  The  iron,  however,  is  segregated  in 
burns  to  a  buff  body  witl\  red  spots. 

Bridgeport  Coal  Co.  at  Bridgeport,  Wise  county,  illustrating  tlie 
great  abundance  of  shalj  material  in  the  Carboniferous  beds, 
and  its  association  with  other  kinds  of  sediments,  shows :  yel- 
low sandy  soil,  2  ft. ;  purple  shaly  clay,  3  ft. :  whitish  sand- 
stone, 1  ft.;  purple  shaly  clay,  10  ft.;  blue  shale,  70  ft.;  lime- 
stone, 3  ft. ;  blue  shale,  20  ft. ;  coal,  18  ft. ;  and  bluish  shale, 
4  ft. 

These  Carboniferous  shales  probably  represent  one  of  the 
most  important  clay-resources  of  Texas  ;  but  they  have  not  yet 
been  thoroughly  studied. 

Next  to  the  Carboniferous,  the  "Upper  Cretaceous  contains  a 
large  quantity  of  red-  or  brown-burning  clay,  found  in  marls. 
It  is  probable  that  the  Woodbine  formation  carries  some  clays 
of  this  character ;  but  they  are  not  worked. 

The  clays  of  the  Eagle  Ford,  Taylor  and  Xavarro  formations 
resemble  each  other  in  some  respects,  being  tough,  dense,  ex- 
ceedingly plastic  clays  of  low  quality.     Their  peculiar  charac- 
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Table  VII. — Physical  Tests  and  Chemical  Compo- 


Locality. 


Thurber,  Erath  Co )  Carbon- 
Bridgeport,  Wise  Co [iferous. 

San  Antonio,  Bexar  Co 

Austin,  Travis  Co 

Waco,  McLennan  Co < 

West  Dallas,  Dallas  Co i 

8  m.  W.  of  Dallas,  Dallas  Co. 

Sherman,  Grayson  Co Upper 

1-  Creta- 
Paris,  Lamar  Co ceous. 


Cooper,  Delta  Co 

Ferris,  Ellis  Co 

Corsicana,  Navarro  Co 

Gre.enville,  Hunt  Co 

Vogel  Mine,  Rockdale, )         .  , 
Milam  Co.  j ' 

Elgin,  Bastrop  Co ") 

Sulphur  Springs,  Hopkins  Co 
New  Boston,  Bowie  Co 


}■  Tertiary. 


Houston,  Harris  Co J 

Houston,  Harris  Co jlpieisto- 

Beaumont,  Jefferson  Co J  cene. 


Physical  Tests. 


('one  05. 
(1050°  C.) 


Cone  1. 
(1150°  C.) 


I    < 


Color  After 
Burning. 


Lb.  per'  Per     Per      Per  i  Per      Per 

Sq.  In.  Cent.  Cent.  Cent.  Cent.  Cent. 

ISl        6.4     :  2.3       6.47  I     4         4.74 


196 
169 


7.3 
9.3 


7.7    I  0.15 


5.3     '  0.7 


"I 


15.82 


This  group  of  clays 
has  an  average  air- 
shrinkage  of  10.5 ;.  The 
tensile  strength  ranged 
[■from  SOO-lOfi  lbs.  per 
sq.  in.  They  all  burn 
red-brown  and  fuse  at 
cone  5-6.  They  have 
to  be  molded  dry  press. 


2.81 


Brown. 

Brown. 

Red-brown. 

Red-brown. 

Red-brown. 


487 
74 
304 
355 
315 
192 
316 
159 
303 


J 

12  A 
6.0 
9.3 
8.0 

I  9.3 

11.6 
9.3 

10.1 


5.0     1  6.10     5.5 

0.4     120.30     1.0 

I  I 

1.0     12.09 

7.75 

14.96 


:  5.43 

16.60 


1.6 
1.4 
6.3 
0.4 
0.7 


3.61 
5.46 


2.7 
3.0 
5.4 

2.73  12.20  5.77 
6.63  j  0.8  5.43 
15.29  4.0  I  8.82 
10.53     0.3     ;  9.39 


5 

Red-brown. 

12+ 

Brown. 

12 

Red. 

12 

Brown-buff. 

5 

Red-brown. 

5 

Brown. 

5 

Brown. 

3 

Brown-buff. 

9 

Brown. 

ter  makes  them  the  most  difficult  clays  in  the  State  to  handle, 
since  their  great  toughness  interferes  with  their  being  molded 
by  any  wet  method,  and  therefore  they  have  to  be  pulyerized 
and  }3ressed  in  a  dry  or  nearly  dry  condition.  This  is  neces- 
sary also  because  it  gives  the  brick  a  more  open  structure,  and 
permits  the  burning-out  of  the  carbonaceous  matter  in  the 
clay.  Most  of  these  clays  show  a  medium  to  high  lime-con- 
tent, which  is,  however,  irregularly  distributed,  and  therefore 
does  not  exert  any  important  influence  on  the  color  of  the 
brick.  On  account  of  the  size  of  the  clay-deposits  in  these  two 
formations,  they  can  be  worked  more  e'conomically  than  any 
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sition  of  Red-  or  Brown-Burning  Brick-Clays,  Texas. 

Chemical  Composition. 
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SiO, 


Per 

Cent. 

CS.75 

59.20 

59.47 

54.5 

72.36 

58.70 

63.21 

59.34 

64.2 

53.48 

49.60 

55.28 

79.00 

72.9 

70.4 

69.36 

66.01 

72.45 

49.40 

77.75 


AI2O3. 


Per 
Cent. 
15.81 

20.60 

18.24 

22.6 

7.84 

21.73 

22.83 

15.71 

20.13 

17.84 

16.06 

21.27 

11.. 38 

14.7 

17.3 

14.67 

18.82 

11.72 

17.90 

11.04 


FejOa. 

CaO. 

MgO. 

K2O. 

NajO. 

TiOa. 

HjO. 

Per 

Cent. 
4.05 

Per 
Cent. 
0.60 

Per 

Cent. 
1.C4 

Per 
Cent. 

tr. 

Per 

Cent. 
0.08 

Per 

Cent. 

0.60 

Per 

Cent. 
4.07 

6.90 

1.08 

1.69 

1.6 

1.84 

1.5 

4.66 

4.77 

4.3 

tr. 

tr. 

0.24 

1.14 

5.70 

6.20 

0.54 

1.15 

1.4 

1.55 

1.22 

6.2 

1.72 

6.48 

2.23 

1.2 

1.7 

0.12 

3.72 

5.49 

1.06 

1.24 

0.32 

0.18 

1.13 

5.88 

6.48 

1.70 

1.72 

tr. 

0.05 

1.75 

7.06 

5.76 

3.00 

2.09 

0.5C 

1.44 

1.83 

7.02 

1.87 

0.34 

1.62 

0.69 

1.78 

2.00 

5.32 

3.16 

8.08 

1.44 

0.85 

1.6 

1.0 

6.9 

5.60 

10.66 

2.14 

1.38 

0.77 

0.7 

5.02 

8.37 

3.90 

0.28 

tr. 

1.05 

4.26 

2.44 

0.50 

0.20 

0.35 

0.65 

0.78 

3.80 

4.5 

0.6 

0.3 

1.5 

0.7 

1.0 

4.2 

1.8 

1.0 

tr. 

0.6 

2.2 

0.8 

5.4 

4.46 

0.28 

1.74 

1.55 

2.09 

1.13 

3.64 

6.33 

0.55 

1.88 

0.16 

0.08 

0.95 

4.8 

3.38 

3.66 

1.34 

tr. 

0.19 

0.87 

3.44 

4.50 

9.50 

1.88 

tr. 

1.05 

4.58 

3.19 

0.84 

0.38 

1.23 

3.24 

Miscellaneous. 


Total, 


Org.,  2.10 

Org.,  0.2 

CO2,  3.25 ;  SO3,  0.90  ;  Org.,  0.55 

Org.,  4.5 

COo,  3.30 

Org.,  3.0;  SO3,  0.33 

Org.,  2.0;  CO2,  3.10 

CO2, 1.07  ;  SO3, 0.31 ;  Org.,  2.00 

Org.,  0.1;  803,1.8 

CO.j,  4.66 
803,1.12;  CO2.  6.94 
COo,  3.30;  Org.,  1.43 


Per 

Cent. 
97.70 

99.20 

98.56 

99.86 

100.67 

99.06 


100.13 


Org.,  0. 90;  SO3,  tr. 

CO2,  undetermined. 
CO2,  9.55 
SO3,0.51 


99.01 
99.39 
99.14 
99.10 
100.4 
99.5 
99.88 
99.58 
97.05 
98.36 
98.18 


Per 

Cent. 
6.37 

13.04 

9.31 

10.84 

13.33 

8.29 

9.95 

12.85 

15.13 

19.95 

12.55 

4.14 

7.6 

5.6 

10.12 

9.00 

8.57 

15.88 

4.41 


others  in  the  State.  Fig.  3  shows  the  pit  of  a  brick-works  at 
Ferris,  Ellis  countj,  at  which  the  Taylor  marl  is  exploited. 

At  most  localities  the  clay  is  weathered  to  the  depth  of  from 
10  to  15  ft.  This  mellowed  material  is  far  easier  to  treat,  but, 
owing  to  its  limited  quantity,  it  is  commonly  mixed  in  mining 
with  the  underlying  beds  of  unweathered  clay. 

The  Eagle  Ford  clays  are  worked  at  Paris,  Sherman  and 
Dallas,  and  the  Taylor-Navarro  marls  at  New  Boston,  Cooper, 
Greenville  and  Corsicana.  Those  at  Greenville  are  more  sili- 
ceous, and  the  clay,  having  a  more  open  body,  is  easier  to  mold 
and  burn  than  that  of  the  other  localities  named.  Several 
analyses  of  these  clays  are  shown  in  Table  VII. 
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Cretaceous  clays  are  also  worked  about  3.5  miles  east  of  San 
Antonio,  but  I  am  unable  to  say  to  which  division  of  the  Cre- 
taceous these  clays  belong.  In  general  character  resemblance 
is  shown  to  the  Taylor- jSTavarro  marls ;  except  that  numerous 
scattered  bunches  of  selenite  are  present.  So  far  as  known, 
no  deposits  of  clay  are  worked  in  the  beds  of  the  Will's  Point 
stage. 

The  Lignitic  clays,  however,  may  prove  valuable,  and  are 
already  worked  at  Rockdale,  where,  overlying  the  lignites,  red- 
burning,  plastic,  although  somewhat  siliceous,  clays  occur, 
which  yield  a  red  brick  of  excellent  quality.  At  this  place 
mining  can  be  done  from  a  surface-pit.  Again,  at  Sulphur 
Springs,  Hopkins  county,  and  Kew  Boston,  Bowie  county,  there 
are  red-burning  shaly  clays  which  may  belong  in  the  Lignitic 
stage,  since  the  occurrence  is  well  within  its  boundary,  given  on 
published  maps.  These  clays  diifer  much  from  the  clay  at 
Rockdale,  being  more  shaly,  bluish  in  color,  and  containing 
many  concretions  of  limonite.  Superficially  some  resemblance 
to  the  Navarro  marl  is  shown  ;  but  the  clays  are  less  plastic, 
less  calcareous,  and  more  easily  worked ;  possibly  representing 
Upper  Cretaceous  islands,  projecting  through  the  Tertiary.  At 
points  intermediate  between  Sulphur  Springs  and  Rockdale, 
either  stoneware-  or  fire-clays,  and  no  red-burning  Lignitic 
clays  are  worked.  Since  many  railroads  cross  the  Lignitic 
belt,  it  would  be  desirable  to  prospect  further  for  clays  of  this 
class,  since  those  developed  hitherto  are  more  valuable  than 
the  Eagle  Ford  or  Navarro-Taylor  marls. 

Xo  red-  or  brown-burning  brick-clays  are  worked  in  the 
other  Tertiary  areas,  southeast  of  the  Lignitic.  Doubtless  such 
exist,  but  the  relative  remoteness  of  the  region  from  the  main 
lines  of  transportation,  and  from  the  larger  cities  of  the  State, 
does  not  encourage  development. 

Of  the  Pleistocene  clays  there  are  many  deposits,  mostly 
rather  siliceous.  The  better  ones  are  to  be  sought  in  the 
area  of  the  Beaumont  clays,  described  on  an  earlier  page. 
These  seem,  however,  to  be  so  variable  in  character  that  it  is 
difficult  to  generalize  the  properties.  All  these  clays  are 
red-  or  brown-burning ;  but  in  chemical  composition,  shrink- 
age, fusibility,  and  other  physical  qualities,  much  variation 
is  shown.     Moreover,  objectionable  inclusions  of  lime-pebbles 
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frequently  occur.  Nevertheless,  these  clays  are  the  only  im- 
portant source  of  brick-clay  for  the  cities  of  Houston,  Beau- 
mont, and  others  in  that  region ;  and,  if  care  be  used  in  selec- 
tion, a  good  product  can  be  obtained.  Analyses  Nos.  824  and 
826  in  Table  VIT.,  both  of  clay  from  Houston,  aiford  an  excel- 
lent example  of  the  diiference  in  chemical  composition  of  clay 
from  adjoining  yards. 

(c)  Calcareous  Brick-Clays. — This  class  includes  clays  from 
different  parts  of  the  State,  nearly  all  of  which  are  used  for 
brick.  Excepting  a  Cretaceous  clay  southeast  of  Austin,  all 
of  those  examined  are  Pleistocene  alluvial  deposits,  underlying 
the  terraces  and  flats  along  the  rivers,  especially  the  larger 
ones,  such  as  the  Colorado,  Rio  Grande,  Brazos,  etc.  The  two 
following  sections,  (1)  from  the  river  terrace  at  Austin,  Travis 
county  (Fig.  9),  and  (2)  from  Wharton,  Wharton  county,  may 
illustrate  their  occurrence : 

1.  From  the  river-terrace  at  Austin :  surface-soil,  1  ft. ; 
silty  clay,  7  ft.;  and  red,  plastic  clay,  16  ft.,  with  gravel  and 
sand  below. 

2.  From  Wharton,  Wharton  county:  soil,  1  ft.;  yellow 
clay,  3.5  ft.;  chocolate  clay,  1.5  ft.;  yellowish  clay,  15  ft. 

Such  sections,  however,  have  no  permanent  value,  since  they 
change  from  day  to  day  as  the  excavation  uncovers  different 
parts  of  the  deposit.  This  variation  is  the  result  of  the  condi- 
tions of  deposition.  In  order  to  preserve  a  general  average 
quality  of  product,  the  "run  of  the  bank" — i.e.,  the  product  of 
a  section  through  all  layers — is  usually  shipped.  At  some  locali- 
ties the  terrace-level  is  not  above  high  water,  and  during  pe- 
riods of  flood  a  fresh  layer  of  silt,  sometimes  several  inches  in 
thickness,  is  deposited.  This  recent  deposit  may  be  quite  dif- 
ferent from  the  earlier  ones,  as  at  Gonzales,  where  the  terrace- 
silts  worked  for  brick  are  calcareous,  while  the  present  sedi- 
ment of  the  river  is  ferruginous. 

The  calcareous  silts  are  widely  distributed  throughout  east- 
ern Texas,  and,  on  account  of  the  ease  of  excavation  and  ma- 
nipulation, this  class  of  material  is  much  used.  The  peculiar 
physical  and  chemical  characters  warrant  the  placing  of  the 
calcareous  clays  in  a  group  by  themselves.  Summarizing  the 
physical  characteristics,  we  may  say  that  but  little  water  is  ab- 
sorbed and  the  plasticity  is  usually  low;  but  the  tensile  strength 
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Table  VIII. — Physical  Tests  and  Chemical 


Locality. 


Laredo,  Webb  Co 

D'Hanis,  Medina  Co.. 
Calaveras,  Wilson  Co.. 


Physical  Tests. 


Cone  1. 
(1150°  C.) 


806 
910 
809 


a5       * 

H  < 

Lb.  Per!  Per 
Sq.  In.  Cent. 
4.7 


Seguin,  Guadelupe  Co j  813 

Gonzales,  Gonzales  Co \  816 

Gonzales,  Gonzales  Co ;  817 

Austin,  Travis  Co 801 

33^  m.  E.  of  Austin,  Travis  Co '  945 

901 

Wharton,  Wharton  Co.. 
Difterent  layers. 


902 
^     903 

Taylor,  Williamson  Co 911 

Brenham,  Washington  Co 873 

Belton,  Bell  Co 918 

Waco,  McLennan  Co 947 


149 
259 
366 
301 
357 
201 
253 
225 
119 
330 
308 
153 
35.5 
340 
205 


8.3 
6.7 
6.0 
8.3 
6.5 
6.2 

10.6 
0 
10 
6.6 
4.5 

12.8 
6.6 
6 


Per 

Cent. 
1.0 

-0.4 

0 

■1.3 

1.0 

0.7 
-0.7 

7.3 

-0.6 

0 

-0.7 

-1.0 


Per 

Cent. 
19.34 

19.63 


0 
-0.3 


23.11 
26.49 

12.3 

21.63 

12.01 

16.77 

54.5 

21.92 
15.01 


Cone  5. 
(1230°  C.) 


Per 

Cent. 
4.3 


1.3 
-1.0 
1.3 

0 

1 


Per 

Cent. 
8.3 


22.15 
25.53 
23.49 

16.51 


-1  48.59 


n2; 


0 

7.4 


21.1 
3.5 


7 
1 
6 

7 
7 
7 

5-6 
9 
1 
1 


is  remarkably  high.  Of  17  samples  tested,  8  showed  an  aver- 
age of  more  than  300  lb.,  and  5  others  exceeded  200  lb.,  per 
sq.  in.  Many  exhibited  high  air-shrinkage,  but  all  showed  low 
fire-shrinkage  and  high  porosity,  until  close  to  the  vitrifying- 
point,  when  the  body  condensed  suddenly.  In  the  chemical 
analyses^  the  low  silica-content,  the  high  lime,  and  the  usually 
high  total  fluxes,  are  specially  noticeable.  The  percentage  of 
lime  is  often  astonishingly  high ;  that  of  magnesia,  on  the 
other  hand,  is  rarely  so ;  and  of  the  alkalies,  soda  averages 
higher  than  potash.  Titanic  acid  is  usually  present,  but  rarely 
in  excess  of  1  per  cent. 

Interesting  comparisons  are  atForded  by  an  inspection  of  the 
totals  of  fluxes  and  the  fusion-points.  There  does  not  aj^fpear 
to  be  even  an  approximate  relation  between  the  two.  This  is, 
no  doubt,  due  to  differences  in  texture,  a  coarse  grain  counter- 
balancing a  high  percentage  of  fluxes. 
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Composition  of  Calcareous  Brick-Clays,  Texas. 

I  Chemical  Composition. 
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Color  After 

i 

SiOo. 

AI2O3. 

FeaOg. 

CaO. 

MkO. 

K-,0. 

NajO. 

TiOa. 

H2O. 

C0». 

Total. 

« 

Burning. 

PeF 

Per 

TeT 

0 

Per 

Per 

P  er 

Per 

Per 

Per 

Per 

Per 

'  Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent, 

Cent. 

Cent. 

Cent, 

Cent. 

Buflf. 

59.03 
51.12 

11.19 
11.04 

2.77 
4.1 

12.16 
14.24 

0.8 
0.9 

tr. 
0.4 

0.18 
1.59 

1.05 
0.96 

2.1 
4.0 

9.6 
10.62 

98.88 
98.97 

15.91 

Brown  buff 

i 

i  21.23 

Buff. 

37.45 
18.62 

7.72 
3.23 

2.02 
1.26 

27.92 
41.30 

0.36 
0.42 

tr. 
tr. 

2.4 
2.42 

21.8 
32.5 

99.67 
99.75 

I  30.3 

Brown  buff 

42.98 

Buff. 

37.05 
41.2 

8.13 
6.5 

1.8 
1.98 

25.3 
24.4 

2.23 
1.62 

tr. 
0.09 

0.08 
0.14 

0.47 
0.43 

2.64 
2.28 

22.12 
20.63 

99.82 
99.27 

1  29.41 

Brown  buff 

28.23 

Brown  buff 

53.6 

9.0 

2.6 

17.8 

1.2 

1.8 

tr. 

0.8 

2.72 

11.64 

101.16 

1  23.4 

Buff. 

34.6 
67.03 

15.02 
10.57 

3.02 
1.94 

21.48 
9.33 

0.15 
1.23 

1.43 

1.34 

0.96 
0.90 

6.0 
2.65 

15.6 
7.66 

99.6 
101.31 

27.42 

Brown  buff 

12.5 

Brown  buff 

63.56 

8.18 

4.32 

10.0 

0.15 

tr. 

1.0 

0.95 

4.16 

7.36 

99.68 

15.47 

Brown  buff 

65.07 

9.16 

2.8 

8.44 

0.21 

0.5 

1.66 

1.05 

3.72 

6.92 

99.53 

t  13.61 

Buff. 

21.72 

7.97 

2.23 

36.54 

0.95 

tr. 

tr. 

0.52 

2.06 

28.44 

100.43 

39.72 

Brown  buff 

51.3 

14.4 

6.2 

10.3 

tr. 

tr. 

4.1 

0.8 

4.9 

7.6 

99.6 

20.6 

Buff. 

47.2 
71.4 

4.1 

8.2 

2.4 
2.3 

21.0 
6.34 

1.4 
2.44 

tr. 
1.22 

1.3 
1.6 

0.7 
0.14 

2.9 
3.25 

18.1 
3.7 

99.1 
100.59 

26.1 

Brown  buff 

14.9 

As  is  well  known,  calcareous  clays  are  very  porous  after 
burning  at  low  temperatures  and  before  fire-shrinkage  begins. 
This  degree  of  porosity  appears  to  be  in  direct  relation,  not  to 
the  amount  of  CO2  present,  but  rather  to  the  combined  per- 
centages of  CO2  and  H2O. 

The  calcareous  clays  are  much  worked  in  Texas  for  making 
common  brick,  pressed  brick,  and  some  drain-tile.  Laredo  and 
Austin  are  the  most  important  localities. 

{d)  Sandy  Brick-Clays. — These  represent  the  poorest  quality 
of  material  used  for  the  manufacture  of  clay-products  in  Texas. 
The  clays  are  sandy,  or  rather  clayey  sands,  usually  of  Pleisto- 
cene age,  although  possibly  a  few  may  belong  to  the  Tertiary, 
In  some  instances,  as  at  Longview  and  Harrisburg,  the  clay  is 
interstratified  or  underlain  by  a  bed  of  more  plastic  clay,  which 
is  mined  with  it.  It  might  be  sufiicient  to  pass  these  materials 
by,  with  no  further  statement  than  to  refer  to  the  use  for  com- 
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Table  IX. — Physical  and  Chemical 


Locality. 


Elgin,  Bastrop  Co 

Fulshear,  Fort  Bend  Co 

Houston,  Harris  Co 

Top  and  middle  bed,     ) 
Harrisburg,  Harris  Co./  "" 
Lower  bed,  ) 

Harrisburg,  Harris  Co.  j  "■' 

Cedar  Bayou,  Chambers  Co 

Colmesneil,  Tyler  Co 

Giddings,  Lee  Co 

Cleburne,  Johnson  Co 

Rusk,  Cherokee  Co 

Winnsboro,  Wood  Co 

Top  and  middle  layer, ) 
Longview,  Gregg  Co.     J"" 
Lower  layer,                > 
Longview,  Gregg  Co.  | 

Detroit,  Red  River  Co 

Marshall,  Harrison  Co 

Texarkana,  Bowie  Co 


959 
937 
825 
821 
823 
866 
904 
909 
922 
857 
865 
905 
906 
920 
907 
859 


Physical  Tests. 


Cone  05. 
(1050°  C.) 


Per 

Cent. 

0.4 

0 

-0.6 

-0.3 

0.3 

-0.7 

-0.3 

-0.4 

0 

0.4 

0 

0.6 

0.7 

0 

-0.3 

0 


Per 

Cent. 

9.53 

12.82 

10.12 

14.83 

9.98 
12.04 

9.14 
11.20 
13.58 
13.41 
10.69 
15.01 
14.63 

9.73 
13.74 
11.77 


Cone  1. 
(1150°  C.) 


5-E 


Per 

Cent. 

2.3 

0.3 

-0.6 

-0.3 

0.3 

0 

0 

-0.3 

-0.7 

1.7 

0 

3.7 

3 

0.7 

0 

0 


Per 
Cent. 

5.78 

12.29 

9.44 

14.38 

9.95 

12.56 

9.45 

11.03 

13.63 

10.82 

10.62 

10.45 

8.80 

9.93 

12.96 

13.27 


o 

o 


12-1- 


14  + 
9 

14 

14  + 
14-15 

14 

9 

14  + 
14  + 


mon  brick;  but  the  tabulated  summary  of  the  tests  in  Table 
IX.  is  not  without  interest.  The  high  percentage  of  silica  is, 
perhaps,  the  most  prominent  feature  of  the  composition;  and 
it  seems  remarkable  that  a  material  carrying  from  85  to  90  per 
cent,  of  silica  should  possess  sufficient  plasticity  to  permit  of 
its  being  molded  into  bricks. 

The  alumina  is  variable.  If  we  assumed  most  of  it  to  be 
present  as  kaolinite,  it  would  indicate  that  at  least  70  or  80  per 
cent,  of  the  clay  is  sand  and  the  balance  clay.  The  fluxing 
materials  are  all  low  (having  been  mostly  leached  out,  if  they 
were  ever  present),  and  what  iron  oxide  there  is  forms  a  coat- 
ing around  the  quartz-grains.  Titanium  is  rather  high.  In 
spite  of  the  siliceous  character,  some  of  these  clays  (as,  for  ex- 
ample, those  from  Elgin  and  Winnsboro)  show  a  remarkably 
high   tensile  strength  when  air-dried,  and    all  show  the  low 
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Color  After 
Burning. 


Chemical  Composition. 


SiO. 


Per 
Cent. 
Red-browu '  72.7 

Brown '  83.80 

Red j  89.00 

Red I  80.39 

Red j  80.84 

Red-brown ;  85.60 

Brown 90.00 

I 
Brown 81.50 


Brown 87.3 

Brown 72.76 

Brown 85.35 

Brown 73.06 

Brown 68.5 

Brown 78.5 

Red-brown j  83.9 

Red !  88.71 


A1203. 

FeoOa. 

CaO. 

MgO. 

K2O. 

Na^O. 

TiO... 

HoO. 

Total. 

1 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent.   ' 

9.5 

4.1 

4.1 

0.8 

2.4 

tr. 

0.6 

4.5 

99.1      . 

9.23 

2.3 

tr. 

tr. 

0.56 

0..54 

0.87 

3.1 

100.4 

3.09 

1.65 

0.47 

0.65 

tr. 

0.06 

0.84 

1.62 

97.98 

9.82 

2.88 

0.42 

0.45 

tr. 

0.19 

0.35 

3.11 

97.61 

8.09 

2.25 

1.44 

0.26 

tr. 

0.10 

0.78 

6.0 

99.76 

6.71 

1.44 

tr. 

0.43 

0.5 

0.65 

1.0 

3.1 

99.43 

4.6 

1.44 

0.1 

0.1 

tr. 

tr. 

0.7 

3.04 

99.98 

5.43 

3.6 

1.3 

0.25 

0.49 

1.56 

0.87 

4.0 

99.   ; 

4.06 

3.52 

1.03 

0.10 

tr. 

0.2 

0.48 

2.44 

99.13 

14.46 

3.81 

0.08 

1.93 

tr. 

tr. 

1.43 

4.61 

99.08 

6.72 

1.87 

0.4 

0.24 

tr. 

0.2 

1.01 

3.2 

98.99    ; 

9.88 

6.92 

1.5 

0.25 

tr. 

0.12 

1.0 

6.64 

99.37 

18.41 

3.02 

0.7 

1.05 

0.47 

0.91 

1.31 

6.2 

100.57  { 

10.5 

3.6 

0.45 

0.23 

0.9 

0.4 

0.32 

A   00 

99.12   ; 

5.52 

4.75 

0.4 

1.32 

0.15 

0.45 

1.57 

2.44 

100.5 

4.88 

2.0 

0.3 

0.97 

tr. 

tr. 

0.9 

2.28 

100.04 

3 

s 

"3 
o 

H 

Per 
Cent. 
.  11.4 

3.4 

2.83 

3.94 

5.05 

3.02 

1.64 

7.2 

4.85 

5.82 

2.71 

8.81 

6.15 

5.58 

7.07 

3.27 


fire-shrinkage  characteristic  of  sandy  clays,  some  even  swell- 
ing slightly  at  the  lower  temperatures,  because  of  the  high 
silica-content,  A  careful  comparison  of  the  chemical  analyses 
and  physical  properties  will,  as  usual,  show  that  the  former 
give  us  but  little  information  regarding  the  latter.  Table  IX. 
gives  the  physical  and  chemical  properties  of  a  number  of 
samples  examined. 

(e)  Paving-Brick  Clays. — Only  one  factory  in  Texas  now  pro- 
duces paving-bricks,  most  of  the  supply  being  brought  from 
other  States.  This  has  naturally  raised  the  question  whether 
suitable  clays  are  scarce  in  Texas.  Few  have  been  found 
hitherto,  and  all  of  these  are  in  the  Carboniferous,  no  clays  of 
vitrifying  qualit}^  having  been  observed  in  the  Cretaceous,  Ter- 
tiary or  Pleistocene,  east  of  the  99th  Meridian.  Those  now 
known  come  from  Graham,  Young  county,  and  Thurber,  Erath 
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Locality. 


Phj'sical  Tests. 


s-r    I     lao 


Cone  05.  Cone  1. 

(10.50°  C.)  (1150°  C.) 


He 


M.  K.  Graham  property,  Graham, 
Young  Co ." 


Lb.  Per   Per      Per   i    Per     i  Per 
Sq.  In.  Cent.  Cent. '  Cent.    Cent. 


W.  D.  it  C.  H.  Craig  property,  16  m. 
W.  of  Graham '   879 


197.5  :   6.1 


200 


14  m.  W.  of  Graham,  Young  Co 878    I    188.3  '   6.2 


Thurber,  Erath  Co..  Xo.  1  HiU '   847 

1 

Thurber,  Erath  Co.,  Valley  Clay '   843 


299 
333 


5 
5.6 


8.6 


4.5 
8.35 
10.91         8 

4  5.3 

I 

3.58     !   6.3 


Per 
Cent. 

0.90 
1.54 
0.13 
0.14 
0.10 


a 

»  3 
O 


county,  and  agree  in  being  of  dense-burning  character,  low 
fusibility  and  high  plasticity.  Up  to  the  present  time  only  those 
at  Thurber  have  been  worked.  Here  two  distinct  beds  are 
found,  the  one  being  near  the  summit  of  what  is  known  as 
ISTo.  1  Hill,  and  at  least  75  ft.  higher  than  the  coal,  while 
the  other  is  found  almost  immediately  below  the  surface 
over  a  large  area  in  the  valley  to  the  north  of  the  brick-works. 
Table  X.  shows  the  tests  and  analyses  of  the  paving-brick 
clays. 

4.  Slip- Clays. 

At  several  localities  beds  of  clay  are  found,  which,  on  account 
of  the  high  percentage  of  fluxing-impurities,  especially  alka- 
lies, fuse  at  a  comparatively  low  temperature,  and  run  to  a 
colored  glass  or  natural  glaze.  Clays  of  this  type  are  used  for 
glazing  stoneware,  and  their  discovery  is  always  of  importance, 
since  the  main  source  of  supply  of  American  slip-elay  is  New 
York  State,  whence  the  material  is  shipped  to  many  parts  of 
the  country.  All  of  the  slip-clays  found  during  the  field-work 
of  the  survey  belong  to  the  Pleistocene,  with  one  exception, 
which  is  Carboniferous. 

The  Texas  slip-clays  occur  in  beds  of  variable  thickness, 
interstratified  with  sands  or  other  clays,  and  there  is  nothing 
in  the  appearance  to  indicate  the  easily  fusible  character.     It 
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Composition  of  Paving-Brick  Clays,  Texas. 


Chemical  Composition. 

Color  After 
Burning. 

SiOa. 

AloOa. 

FeoOa. 

CaO. 

MgO. 

Per 
Cent. 

0.2 

0.3 

1.58 

0.50 

K2O. 

NaoO. 

TiOa. 

H2O. 

Moist 

Total. 

X 

s 

E 
■3 

Buff 

Per 
Cent. 

63.3 

60.5 

64.52 

63.07 

Per 
Cent. 

24.5 

19.4 

17.72 

19.43 

Per 
Cent. 



9.3 

4.46 

4.75 

Per 
Cent. 

0.1 

tr. 
0.27 
1.32 

Per 
Cent. 

2.3 

Not 

1.4 

2.71 

Per 

Cent. 

1.3 
analy 
1.5 
1.24 

Per 
Cent. 

1.0 
zed. 
0.6 
1.30 
1.47 

Per 
Cent. 

6.1 
6.5 

Per 
Cent. 

2.6 

9  8 

Per 
Cent. 

100.1 

99.5 

99.24 

99.09 

Per 
Cent. 

5.2 

Light  brown.... 

12.5 

5.44     

10.26 

Ked-brown 

6.90 

0.19 

'    6.57 

is  therefore  only  by  accident  or  detailed  investigation  that  the 
special  qualities  have  been  recognized;  and,  in  a  few  instances, 
have  become  known  to  potters. 

Such  clays  have  thus  far  been  found  near  Carraona,  Polk 
county;  ISTavasota,  Grimes  county ;  San  Antonio,  Bexar  county; 
and  Bridgeport,  "Wise  county.  That  near  San  Antonio  is  per- 
haps the  best  known,  and  is  found  outcropping  in  the  banks 
of  Alazan  creek,  the  section  showing:  black  soil,  2.5  ft.;  im- 
pure, yellow,  gravelly  clay,  2.5  ft.;  and  yellowish-brown  slip- 
clay,  7.5  ft,  with  sand  below. 

The  same  type  of  clay  outcrops  again  on  the  Leon  creek,  7 
miles  south  of  San  Antonio. 

The  slip-clay  northeast  of  iN'avasota  is  a  white  chalk-like 
material,  occurring  in  beds  from  6  to  8  ft.  thick,  with  but  little 
overburden;  that  found  2.5  miles  southeast  of  Carmona  is  at 
least  6  ft.  thick,  with  little  overburden;  thus,  in  every  instance, 
the  deposits  are  sufficiently  thick  to  suppl}'  a  large  demand. 
Table  XI.  gives  the  analyses  of  the  Texas  slip-clays. 

IX.  The  Texas   Clay-Working  Industry. 
In  1904,  the  clay-products  of  Texas  placed  it  the  eighteenth 
in  that  department  among  the  States  of  the  Union,  most  of  its 
product  consisting  of  common  building-brick,  made  chiefly  for 
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Table  XL — Analyses  of  Slip-Clays,  Texas. 


-s  a 

^".26 

6 

^     0 

f:6 

2  m.  S.  W 
Carmona, 
Polk 

Leon  Cree 

San  Anton 

Bexar 

Alazan  Cn 

San  Anton 

Bexar 

a  go 

COk" 

l-H  <l 

Bridgewat 
Wise 

Laboratory  Xo. 

950 

949 

924 

951 

930 

SiOa 

68.34 

38.08 

57.01 

68.56 

59.20 

AI2O3 

15.28 
3.44 
1.20 

11.36 

2.6 

23.70 

1L85 
3.02 
9.56 

18.53 
0.72 
0.60 

20.60 

Fe,0, 

6.90 

CaO 

1.08 

MgO 

0.88 

tr. 

1.20 

0.12 

1.62 

KjO 

2.47 
3.55 

0.58 
1.6 

0.75 
2.01 

2.27 
2.72 

1.60 

Xa,0 

1.84 

TiO, 

0.52 

0.7 

L13 

0.43 

1.50 

H,0 

4.7 

3.06 

4.00 

7.00 

4.66 

CO, 

18.80 

8.00 

Total 

100.38 

100.44 

98.53 

100.95 

99.00 

Total  fluxes 

n.54 

28.48 

16.54 

6.43 

13.04 

local  use.  Some  pressed  brick,  paving-brick,  stoneware,  fire- 
brick and  drain-tile  were  also  made;  but  the  quantity  was 
small.  Sewer-pipe,  terra-cotta,  iire-proofing,  conduit-  and  floor- 
tiles  were  not  made  at  all. 

The  prominence  of  a  State  as  a  manufacturer  of  clay-products, 
depends  not  only  upon  its  suitable  raw  material,  but  also  upon 
its  available  markets.  Texas  has  the  former  in  abundance,  and 
as  to  the  latter,  it  may  be  said  that  the  demand  is  increasing, 
but  is  still  largely  supplied  by  establishments  outside  of  the 
State.  It  remains,  therefore,  for  enterprising  parties  to  develop 
the  clays,  and  not  only  get  control  of  the  local  markets,  but 
supply  those  of  the  other  Gulf  States  and  Mexico  as  well. 
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A  New  Colorimeter  for  the  Determination  of  Carbon  in  Steel. 

BY  CHARLES   H.    WHITE,    CAMBRIDGE,    MASS.* 

(London  Meeting,  July  190G.) 

Methods  in  colorimetry  are  based  on  the  assumption  that 
the  intensity  of  the  color  of  a  definite  volume  of  solution  is 
directly  proportional  to  the  quantity  of  the  color-producing 
substance  present.  In  the  preparation  and  examination  of 
colored  solutions  there  are  three  ways  in  which  the  depth  of 
color  may  be  varied.  These  variables  are :  (1)  the  quantity  of 
the  coloring  matter;  (2)  the  quantity  of  the  solvent,  or  the  dilu- 
tion ;  and  (3)  the  thickness  or  depth  of  that  portion  of  the  solu- 
tion examined.  With  these  three  variables  as  a  basis,  three 
general  methods  in  colorimetry  have  been  devised,  all  of  which 
have  been  used  in  the  determination  of  carbon  in  steel. 

In  the  first  method,  the  quantity  of  the  solution  is  kept  the 
same  for  both  the  unknown  steel  and  the  standard,  and  the 
sections  compared  are  of  equal  thickness,  while  the  quantity  of 
the  standard  is  varied  until  the  color  obtained  is  of  the  same 
intensity  as  that  produced  by  a  definite  quantity  of  the  unknown 
steel.  In  laboratories  where  this  method  is  used  there  is  pre- 
pared anii  kept  for  permanent  use  a  series  of  solutions  with 
varying  amounts  of  the  standard,  representing  the  percentages 
of  carbon  from  the  lowest  to  the  highest  demanded  in  that 
laboratory.  These  standard  solutions  are  kept  in  bottles  or 
test-tubes  of  equal  diameter,  and  are  arranged  in  series  from 
the  faintest  to  the  most  intense  color,  so  that  it  is  a  simple 
matter  to  find  the  place  of  the  unknown  steel  in  the  series, 
when  the  solution  is  of  a  definite  volume  and  is  contained  in  a 
tube  of  the  same  diameter  as  the  standard  tubes. 

In  the  second  method,  equal  quantities  of  the  standard  and  of 
the  unknown  steel  are  dissolved,  the  standard  is  diluted  to  a 
definite  volume,  and  the  solution  of  the  unknown  steel  is  di- 

*  Asst.  Professor  of  Mining  and  Metallurgy  at  Harvard  University. 
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luted  until  the  colors  are  of  equal  intensity  in  sections  of  equal 
thickness.  This  method  is  usually  carried  out  by  dissolving 
equal  quantities  of  the  two  steels  in  equal  volumes  of  dilute 
nitric  acid,  and  then  diluting  in  long  graduated  test-tubes  of 
equal  diameter  until  the  colors  agree  when  the  light  passes 
through  the  tubes  at  right  angles  to  their  length.  The  percent- 
age of  carbon  in  each  is  then  proportional  to  its  volume. 

In  the  third  method,  equal  quantities  of  the  two  steels  are 
dissolved  in  equal  volumes  of  the  solvent,  and  the  thickness  or 
depth  of  the  solutions  under  examination  is  varied  until  the 
colors  are  the  same.  The  percentage  of  carbon  is  then  inversely 
proj^ortional  to  the  thickness  of  the  section.  This  method  has 
been  applied  to  the  determination  of  carbon  in  steel  by  pouring 
varying  amounts  of  the  two  solutions  into  long  graduated  test- 
tubes  with  flat  bottoms,  until  the  colors  are  of  equal  intensity 
when  viewed  longitudinally  from  above,  the  source  of  light 
being  below  the  tubes. 

Each  of  these  methods  has  excellent  points  to  recommend  it; 
but,  as  is  well  known  to  experimenters  in  colorimetry,  there  are 
serious  objections  to  all  of  them,  as  they  have  hitherto  been  ap- 
plied in  practice.  In  the  application  of  the  first  method,  it 
seems  almost  impossible  to  obtain  permanent  standards.  It 
is  not  practicable  to  kegp  on  hand  standards  for  a  wide  range 
of  steels ;  and  the  standard  for  one  kind  of  steel  will  not  serve 
as  a  standard  for  a  steel  of  a  diiierent  kind,  or  for  one  that 
has  been  subjected  to  a  different  treatment.  The  strangest  ob- 
jection to  the  second  method  is  the  necessity  for  repeated  dilu- 
tions by  guess,  mixing  and  comparing  until  the  correct  volumes 
are  more  or  less  accidentally  hit  upon.  Moreover,  if  the  gradu- 
ation of  the  tubes  is  not  marked  in  such  a  manner  as  to  cor- 
respond in  numerical  value  to  the  hundredths  per  cent,  of  car- 
bon present,  there  is  a  loss  of  time  in  arithmetical  calculations. 
For  the  third  method,  the  difficulty  of  obtaining  satisfactory 
apparatus  has  been  serious.  A  moderately  long  tube  having 
a  flat  bottom  with  true  plane  surfaces  at  right-angles  to  the 
axis  is  made  with  great  difficulty ;  and  although  the  apparatus 
may  be  so  constructed  that  the  depth  of  the  solution  may  be  in- 
creased or  diminished  conveniently,  the  emptying  and  cleaning 
after  each  determination  renders  manipulation  necessarily  slow. 

The  colorimeter  here  described  was  designed  for  the  rapid 
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and  accurate  application  of  the  third  method,  and  has  proved, 
itself  free  from  many  of  the  objections  belonging  to  those  pre- 
viously devised.  In  this  method,  equal  quantities  of  the  stand- 
ard and  of  the  unknown  steel  are  dissolved  in  equal  volumes  of 
the  solvent,  diluted  to  a  definite  volume,  and  varying  thicknesses 
of  the  solutions  compared  until  the  colors  agree;  then  the  ratio 
of  the  thicknesses  of  the  two  solutions  compared  is  inversely 


Fig.  1. — View  of  Colokimeter  Opened  to  Show  Wedges  and  Backs. 


proportional  to  the  percentages  of  carbon  present.  In  using  this 
apparatus,  the  two  steels — the  standard  and  the  unknown — are 
dissolved  in  the  usual  manner  in  large  test-tubes,  diluted  to 
€qual  volume,  indicated  b}-  a  mark  on  the  tubes,  and  the  solu- 
tions are  compared  in  hollow  glass  wedges.  The  wedges  must 
be  of  equal  angle,  and  it  is  convenient  to  have  them  as  nearly 
as  possible  of  equal  size.     The  large  end  is  left  open  for  the  in- 
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.trodiiction  of  the  solutions,  and  they  are  mounted  side  by  side 
in  a  vertical  position  for  comparison.  Each  wedge  may  be 
raised  or  lowered  by  means  of  a  thumb-screw,  carrying  a  pinion 
which  engages  a  rack  holding  the  wedge.  (See  Figs.  1  and  2.) 
The  wedges  are  incased  in  a  box,  which  is  provided  with  a 
narrow  horizontal  aperture  in  both  the  front  and  the  back, 


Fig.  2. — View  of  Colorimeter  Closed. 

admitting  the  direct  passage  of  the  light  through  the  wedges 
in  this  zone  only.  In  front  of  the  aperture,  or  slit,  are  three 
mirrors,  shown  in  Fig.  3,  arranged  in  such  a  manner  as  to 
render  the  comparison  of  the  colors  easy  and  exact.  The  band 
of  color,  as  observed  in  mirror  C  through  the  tube,  T,  is  com- 
posed of  three  nearly-equal  parts.     The  central  portion  is  the 
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color  of  the  solution  in  wedge  aS',  reflected  from  mirror  A^ 
through  that  portion  of  mirror  B  from  which  the  silver  has 
been  removed.  The  outer  portions  of  the  band  of  color  are 
from  wedge  C/,  and  are  reflected  from  the  silvered  portions 
of  mirror  B.  The  racks  which  carry  the  wedges  carry  also 
graduated  scales  on  the  front  of  the  instrument,  which  show,  in 
every  position,  the  distance  from  the  sharp  edge  of  the  wedge 
to  the  slit  where  the  comparison  is  being  made.  Uniform  illu- 
mination is  secured  by  admitting  the  light  to  the  solutions 
through  a  pane  of  ground-glass,  shown  in  section  in  Fig.  3. 


Fig.  3. — Sectional  Plan  of  Colorimeter. 

In  operating  this  instrument,  if  the  wedges  are  so  adjusted 
that  the  colors  are  of  equal  intensity,  and  if  their  thickness 
at  the  slit — the  point  of  comparison — is  determined,  or  the 
ratio  of  one  to  the  other  is  known,  it  is  easy  to  calculate  the 
percentage  of  carbon  in  the  unknown  steel.  Since  a  longitud- 
inal vertical  section  of  one  of  these  wedges  is  triangular  and 
equal  in  all  respects  to  a  similar  section  of  the  other  wedge,  we 
are  not  restricted  to  the  measure  of  the  thickness  of  the  solu- 
tions to  determine  the  desired  ratio,  but  the  length  of  each  from 
its  sharp  edge  to  the  point  compared  may  be  read  off  on  its 
graduated  scale  and  used  instead. 

Suppose,  for  example,  the  standard  steel  has  0.30  per  cent. 
of  carbon,  and,  after  the  wedges  have  been  adjusted  by  means 
of  the  thumb-screws  until  the  colors  match,  it  is  found  that  the 
scale  on  the  side  of  the  standard  reads  72  and  the  scale  of  the 
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other  wedge  reads  60 ;  then  the  proportion  (60  :  72  =  0.30  :  x) 
shows  that  the  percentage  of  carbon  in  the  steel  under  exami- 
nation is  0.36.  But  the  solutions  in  the  wedges  may  be  as  easily 
compared  at  the  graduations  30  and  36  as  at  60  and  72;  and  if 
the  scale  on  the  side  of  the  undetermined  steel  is  set  at  30  and 
the  other  wedge,  carrying  the  standard,  is  adjusted  until  the 
colors  are  equal,  then  its  scale  must  read  36, — the  desired  figure. 
It  is  obvious  that  with  this  instrument  we  may  vary 
the  standard  at  will  from  the  highest  to  the  lowest  in 
carbon,  and  also  avoid  the  difficulties  attending  attempts 
at  permanent  standards;  the  haphazard  diluting  re- 
quired in  the  second  method  is  obviated,  while  the 
wedges  are  as  easily  emptied  and  filled  as  test-tubes. 
The  chief  advantages,  however,  derived  from  the  use 
of  this  instrument  are  the  speed  and  accuracy  with 
which  the  colors  are  matched,  and  the  fact  that  the 
percentage  of  carbon  is  read  oif  directly. 

With  respect  to  the  best  form  of  wedge,  it  is  evident 

that,  other  things  being  equal,  the  accuracy  of  the  in- 

1     j     strument  increases   as   the  angle  of  the  wedge  dimin- 

l     I     ishes.     But  very  thin  sections  of  colored  solutions  are 

<    I     not  easily  matched,  and  long  wedges  are  unwieldy  and 

I    j     in  many  ways  objectionable.     It  is  not  necessary,  how- 

I  I     ever,  to  use  the  whole  length  of  the  wedge ;   for  the 

1  [      standard  and  the  unknown  steel  cannot  differ  greatly 

I  [      in   the  amount  of  carbon  contained,  nor,  therefore,  in 

\\      the  colors  produced  when   in   solution.     The  wedges, 

ij      then,  may  be  designed  to  have  any  suitable  angle,  and 

'j      only  so  much  of  the  large  end  need  be  used  as  will 

Y  ,   A  _  afford  the  range  desired.     In  other  words,  the  wedges 

Shoet  are  cut  off,  the  lower  end  of  the  upper  portion  sealed, 

FoRMOF  and  the  lower  part  discarded,  as  shown  in  Fig.  4.    The 

^^^^-  scales,  however,  must  be    graduated   to    accord  with 

wedges  of  the  full  length.     "Wedges  of  this  type  are  useful  for 

the  most  exact  colorimetric  work,  but  with  the  ordinary  size 

shown  in  the  instrument  in  Fig.  1,  comparisons  are  quickly 

made   and  read  with  accuracy  to  the  second  decimal  place, 

which  is  as  accurate  as  other  parts  of  the  color-method  for 

carbon  in  steel  can  be  relied  upon  to  be. 
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A  Device  for  Regulating  the  Discharge  of  \A^ater  from  a 

Reservoir. 

BY  P.    BOUERY,   WEAVERVILLE,    CAL. 

(London  Meeting,  July,  1906.) 

This  account  of  a  contrivance  which  has  been  found  ser- 
viceable in  practice  may  be  of  interest  to  engineers,  and  espe- 
cially to  those  engaged  in  hydraulic  mining. 

In  that  process,  one  feature  which  seems  at  first  sight  to  pos- 
sess little  significance,  is  highly  important  in  its  efiects — namely, 
the  regular  supply  of  water  to  the  "  giants."  The  chief  con- 
dition of  this  regularity  is  an  even  flow  in  the  pipe-line  from 
the  penstock  to  the  nozzle.  This,  of  course,  requires  that  the 
penstock  be  kept  full.  Any  considerable  surplus  of  water, 
overflowing  at  the  penstock,  is  a  simple  waste,  unless  it  be 
otherwise  utilized  in  the  sluices.  At  all  events,  it  does  not 
affect  the  delivery  of  the  nozzles.  But  a  deficiency  at  the  pen- 
stock may  admit  air  into  the  pipe;  and  this  may  produce  hy- 
draulic recoil,  injuring  the  line  by  incessant  vibrations,  giving 
rise  to  leaks,  and  even  to  blow-outs,  and  (when  a  partial 
vacuum  exists  at  the  time  of  the  fracture)  the  collapse  of  the 
pipe. 

An  accident  of  this  sort  in  our  main  pipe-line,  occasioned 
partly  by  a  settling  of  the  ground  and  partly  by  the  presence 
of  air  in  the  pipe,  led  to  the  employment  of  the  device  here 
described.  The  line  referred  to  is  made  of  30-in.  pipe,  succes- 
sively reduced  to  18  and  15  in.  in  diameter,  for  the  supply  of 
two  giants.  By  reason  of  the  causes  above  mentioned,  the 
30-in.  pipe  burst  more  than  1,400  ft.  from  the  penstock,  and, 
despite  the  air-valve,  the  30-in.  pipe  was  collapsed  to  such  a 
degree  that  one  length  of  it,  next  to  the  penstock,  was  squeezed 
together  and  positively  swallowed  by  the  main  pipe,  through 
which  it  traveled  for  750  ft.,  piercing  through  a  short  elbow  on 
the  way. 

This  remarkable  result  was  undoubtedly  the  effect  of  the 
vacuum  suddenly  produced  when  the  pipe  burst. 
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Aside  from  the  dilatation  and  contraction  due  to  changes  in 
temperature,  and  changes  in  the  ground  itself  (all  of  which, 
except  earthquakes,  should  be  prevented  by  suitable  care  in 
construction),  a  pipe-line,  properly  laid,  is  exposed  to  no  other 
cause  of  injury  than  the  action  of  air  mixed  with  the  water, 
which,  by  reason  of  the  difterence  of  the  two  in  specific  gravity, 
produces  variable  and  unequal  strains  in  the  pipe. 

At  every  hydraulic  mine,  a  reservoir  is  interposed,  if  prac- 
ticable, between  the  ditch  and  the  pipe-line  to  the  giants,  for 
the  storage  and  proper  utilization  of  the  water.  When  this 
reservoir  is  full,  and  the  giants  are  ready  to  be  operated,  the 
gate-tender  opens  the  main  gate  of  the  reservoir  just  enough  to 
supply  the  giants  and  give  a  little  overflow  at  the  penstock,  to 
prevent  the  entry  of  air.  If  the  supply  to  the  reservoir  is 
smaller  than  the  discharge  thus  permitted,  the  consequent 
lowerino-  of  the  water-level  in  the  reservoir  reduces  the  hv- 
drostatic  pressure  at  the  discharge-opening,  and  therefore  the 
rate  of  discharge.  To  counteract  this  efi'ect,  the  gate-tender 
raises  the  gate  so  as  to  compensate  by  greater  area  the  dimin- 
ished pressure;  and  this  process  is  continued  until  the  reser- 
voir is  almost  empty. 

This  method  of  regulating  the  supply  of  water  to  the  giants 
evidently  leaves  the  whole  matter  to  the  vigilance  and  skill  of 
one  man,  who,  however  faithful  in  the  main,  cannot  be  expected 
to  prevent,  or  even  to  be  able  to  prevent,  irregularities  in  the 
working-supply.  If  he  raises  the  gate  either  a  little  too  high 
or  a  little  too  late,  the  result  is  in  one  case  an  unnecessary  loss 
of  precious  water  through  excessive  overflow,  or,  in  the  other 
case,  the  entrance  of  air  into  the  pipe-line,  with  consequent  in- 
jurious vibrations. 

We  have  found  that  this  source  of  irregularity  can  be  re- 
moved, while,  at  the  same  time,  the  wages  of  one  man  for  both 
the  day-  and  the  night-shift  can  be  saved,  by  utilizing  the 
water  in  the  reservoir  itself  to  furnish  a  hydraulic  head  sufii- 
cient  to  operate,  automatically  and  continuously,  a  little  aux- 
iliary gate  (independent  of  the  main  gate),  and  thus  maintain 
the  small  overflow  at  the  penstock,  needed  to  prevent  the  en- 
trance of  air.  The  device  adopted  for  this  purpose  is  shown 
in  Fig.  1.  This  sketch  is  not  drawn  to  scale,  but  it  will  suffi- 
ciently illustrate  the  following  description  : 
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1.  In  the  dam  of  the  reservou-,  we  cut  a  second  outlet,  of  ap- 
propriate size,  at  the  level  of  the  main  gate. 


TURN   SCREW  FOR 
RAISING   GATE  ■ 


MAIN   WHEEL 


Fig.  1.— Sketch  of  Auxiliary  Apparatus  for  Regulating  the 
Discharge  of  Water. 

2.  On  the  top  of  the  dam  we  set  up  a  large  wheel,  with 
grooves  for  two  small  cables,  wound  in  opposition,  and  sup- 
porting  respectively  a  floater  and  a  counter-weight. 
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3.  On  the  prolongation  of  the  shaft  of  the  main  wheel  we 
fixed  a  smaller  "  gate-wheel,"  of  relative  diameter  duly  calcu- 
lated, carrying  a  cable,  attached  at  its  lower  end  to  a  secondary 
gate,  opening  a  flume  emptying  into  the  main  flume.  This 
cable  moves  in  a  direction  the   reverse  of  that  of  the  cable 

t 

carried  by  the  main  wheel  and  which  supports  the  floater. 
The  small  gate-wheel  is  loose  on  the  shaft,  but  can  be  made, 
by  means  of  a  pin  passing  through  hub  and  shaft,  to  revolve 
with  the  main  wheel. 

4.  Under  the  small  secondary  gate  we  placed  another  wheel, 
around  which  passed  a  cable  attached  at  one  end  to  the  bot- 
tom of  the  said  gate,  and  at  the  other  end  to  the  drum  of  a 
windlass  above. 

5.  Finally,  above  the  small  gate-wheel,  we  placed  a  turn- 
screw,  by  means  of  which  the  small  secondary  gate  could  be 
raised  independently  of  the  automatic  operation  of  the  appa- 
ratus. It  is  evident  that,  as  the  floater  suspended  from  the 
main  wheel  falls  with  the  water-level  in  the  reservoir,  the  con- 
sequent revolution  of  the  gate-wheel  will  raise  the  secondary 
gate,  and  thus  increase  the  amount  of  water  discharged  at  a 
lower  head.  The  proper  relation  of  this  compensating  increase 
is  determined  by  the  relative  diameters  of  the  two  wheels,  of 
which  more  will  be  said  presently. 

6.  When  the  reservoir  is  full,  the  main  gate  is  raised,  and 
the  small  gate-wheel  is  pinned  to  the  main  shaft.  If  the  water 
leaves  the  reservoir  in  excess  of  the  supply,  the  consequent 
lowering  of  the  water-surface  will  depress  the  floater,  turning 
the  main  wheel,  and  with  it  the  small  gate-wheel.  Both  the 
cables  concerned  will  be  in  high  tension :  one  supporting  the 
descending  floater ;  the  other  raising  the  secondary  gate ;  con- 
sequently, neither  can,  under  ordinary  circumstances,  fail  to 
operate.  Moreover,  there  is  no  sudden  change  of  the  aperture 
of  the  secondary  discharge,  which  is  increased  proportionally 
to  the  gradual  descent  of  the  floater,  until  the  reservoir  is 
empty.  When  this  has  taken  place,  the  small  gate-wheel  is 
loosened  by  the  removal  of  the  pin  ;  the  secondary  gate  is 
closed  by  means  of  the  windlass  ;  and,  the  main  gate  being 
also  closed,  the  reservoir  is  allowed  to  fill  again.  During  this 
process,  the  cable  supporting  the  floater  is  kept  in  tension  by 
the  counter-weiffht. 
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It  is  easy  to  calculate  for  each  case  the  pressure  on  the  small 
gate  to  be  overcome,  and  the  force  required  to  overcome  it  in 
raising  that  gate ;  the  ratio  of  diameters  between  the  main 
wheel  and  the  auxiliary  gate-wheel,  required  to  secure  the 
necessary  leverage ;  and  the  size  and  weight  of  floater  required 
to  overcome  all  friction  and  raise  the  small  gate.  In  this  op- 
eration, however,  the  strain  is  greatest  at  the  beginning,  and 
diminishes  to  a  minimum  at  the  end.  This  variation  is  coun- 
teracted, and  the  water-line  is  kept  at  about  the  same  place 
during  the  raising  of  the  gate,  by  means  of  a  heavy  chain, 
hung  above  the  floater,  and  long  enough  to  reach  it  when  the 
water  is  very  low.  As  the  floater  descends,  the  amount  of 
chain  carried  by  it  decreases,  to  the  extent  required  for  a  uni- 
form action. 

The  calculation  of  the  size  of  the  auxiliary  gate  can  be  easily 
made  when  the  reservoir  is  regular  in  shape.  But  for  a  reser- 
voir of  complicated  form,  the  necessary  data  must  be  obtained 
by  observation  and  measurement.  For  this  purpose  the  rise 
of  the  main  gate  is  noted  every  fifteen  minutes  after  the  start. 
The  width  of  the  gate  and  the  amount  of  each  rise  are  the 
sides  of  the  rectangle  for  the  opening.  By  combining  these 
periodic  observations,  the  total  area  of  the  main  gate-opening 
is  obtained;  and  the  size  and  form  of  the  small  gate-opening 
can  be  planned  with  sufficient  accuracy. 

The  cost  of  the  material  of  this  device  does  not  exceed  $100. 
In  fact,  we  used  an  old  Pelton  wheel,  enlarged  in  diameter  to 
8  ft.,  with  a  rim  made  of  planks  for  the  grooves.  The  floater 
was  made  with  two  empty  barrels  attached  to  a  frame  support- 
ing a  box  full  of  boulders.  Some  old  pieces  of  chain,  welded 
together,  with  a  pulley  and  a  windlass  as  the  only  new  mate- 
rial, completed  the  system. 

The  results  obtained  thus  far  have  saved  us  the  wages  of  one 
man  (by  enabling  one  tender  to  do  the  work  formerly  requir- 
ing two),  and  50  per  cent,  of  the  cost  of  keeping  up  the  pipe- 
line. Some  better  arrangement  might  be  made,  but  it  would 
probably  be  much  more  expensive,  and  this  process  may  be  of 
some  value  in  remote  countries  where  cheap  installations  are 
required.  We  are  satisfied  that  the  device  could  be  made 
simpler  in  construction.  Its  installation  was  intended  only  as 
an  experiment ;  but  its  operation  has  been  so  satisfactory  that 
the  temporary  structure  has  become  final. 
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The  Cyanidation  of  Raw  Pyritic  Concentrates. 

BY   FRANK    C.    SMITH,    WENDENDALE,    ARIZ. 

(London  Meeting,  July,  1906.) 

The  following  article  covers  the  history  of  a  metallurgical 
campaign,  commenced  in  March,  1905,  at  the  mines  of  the 
Socorro  Gold  Co.,  in  the  so-called  desert  region  of  Yuma  county, 
Arizona.  The  results  obtained  were  simply  a  function  of  neces- 
sity, as  will  be  seen  from  the  description  of  the  local  economic 
conditions  and  the  character  of  the  ores  treated. 

The  mines  and  mill  of  the  Socorro  Gold  Co.  are  located  near 
the  small  village  of  Harrisburg,  about  60  miles  frcftii  Congress 
Junction,  Ariz.,  which,  at  the  time  this  v/ork  was  undertaken, 
was  the  nearest  railroad  station,  and  from  which  all  supplies 
were  brought  by  wagon  through  the  desert,  at  a  cost  varying 
from  $10  to  $15  per  ton  in  addition  to  the  railroad  freights. 
Wood,  the  only  available  fuel,  cost  $7  per  cord.  Water  for  all 
purposes  was  pumped  to  the  plant  from  a  well  in  the  valley 
about  4  miles  away.  Under  the  Arizona  law,  a  working-shift 
is  8  hr.  Wages  were  $6  per  day  for  foremen  and  mill-men, 
$4  per  day  for  blacksmiths  and  engineers,  $3.50  per  day  for 
miners,  and  $3  per  day  for  shovelers  and' trammers. 

The  ore  consisted  of  quartz,  in  which,  above  the  250-ft.  level, 
the  iron-minerals  were  largely  oxidized  and  some  free  gold  was 
visible ;  below  that  level  few  traces  of  oxidation  occurred,  and 
pyrite  constituted  the  principal  mineralizer  in  the  quartz,  to- 
gether with  occasional  pockets  of  galena  and  a  few  eccentric 
specks  of  covellite.  The  20-stamp  mill  was  equipped  with  plates 
for  amalgamation,  and  three  Standard  tables  for  concentration. 
The  tails  from  the  tables  were  elevated  by  a  centrifugal  pump 
to  a  launder,  by  which  they  were  conveyed  to  a  60-ton  cya- 
nide-mill for  further  treatment.  The  cyanide-mill  was  erected 
at  so  great  a  distance  from  the  stamp-mill  that  a  separate  crew 
of  workers  and  a  separate  power-plant  were  necessary.  'No 
arran2:ement  had  been  made  for  the  treatment  of  the  concen- 
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trates  as  produced ;  although  later,  an  adobe  roasting-furnace 
had  been  erected  near  the  stamp-mill,  as  well  as  a  small  cya- 
nide-plant, for  the  treatment  of  the  roasted  product. 

The  treatment  of  the  mill-tails  in  the  remote  cyanide-plant 
was  unprofitable.  The  concentrates  could  not  be  shipped  for 
treatment,  on  account  of  the  high  freight-cost  and  high  smelter- 
charges  ;  and,  as  the  law  of  Arizona  prohibited  the  use  of  wood 
as  a  fuel  for  roasting  ore,  the  adobe  furnace  was  useless.  As 
a  natural  conclusion,  it  seemed  evident  that,  if  possible,  an  en- 
tire change  of  programme  was  necessary,  involving  two  requi- 
sites :  1.  A  very  clean  concentration  of  the  mill-tails,  producing 
a  final  material  containing  very  low'  values ;  2.  A  local  treat- 
ment of  the  raw  concentrates. 

The  concentrating-plant  was  unfitted  to  attain  the  first  re- 
quisite; the  Standard  tables  aflbrding  a  very  fair  rough  con- 
centration, but  making  a  very  poor  separation  of  middlings 
and  slimes.  Two  Frue  vanners  were  installed,  the  inefficient 
middling-pumps  from  the  tables  were  thrown  on  the  scrap- 
heap,  and  the  plant  started  operation  as  follows  :  The  tails  from 
10  stamps  passed  from  the  plates  to  one  Standard  table,  and 
from  this  upon  a  second  table.  The  tails  from  the  other  10 
stamps  were  similarly  conducted  upon  a  Standard  table,  but 
from  this  into  a  small  sjntzkasten,  situated  above  the  distribu- 
tor of  Frue  vanner  No.  1,  from  which  the  thickened  pulp  passed 
to  the  vanner  for  concentration,  while  the  overflow  passed 
to  the  slime-sump,  mentioned  later.  The  slimes  from  each  of 
the  tables  were  conducted  by  launder  into  a  sump,  from  which 
they  were  elevated  by  a  2-in.  Byron  Jackson  centrifugal  pump 
into  a  set  of  3  large  sjpitzkasten  arranged  in  a  series,  the  over- 
flow from  the  first  passing  into  the  second,  etc.,  the  final  over- 
flow, consisting  of  fairly  clean  water,  passing  into  a  supply- 
tank  for  use  as  feed-water  for  the  batteries.  The  more  or  less 
de-watered  slimes  from  the  large  sjpitzkasten  were  conducted 
by  launders  to  a  small  spitzkasten,  which  discharged  a  product 
containing  still  less  water  upon  Frue  vanner  I^o.  2  for  concen- 
tration, the  overflow  from  this  last  spitzkasten  also  passing  back 
to  the  slime-sump.  In  the  case  of  the  first  10  stamps,  the  mid- 
dlings from  the  first  table  passed  w^ith  the  tails  to  the  second 
table,  from  which  the  final  middling-product  was  caught  in  a 
separate  receptacle  and  returned  to  the  battery.    The  middlings 
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from  the  second  10  stamps  passed  with  the  tails  from  the  table 
to  the  vanner.  By  this  arrangement,  only  that  water  was 
wasted  which  was  necessary  to  carry  off  the  final  tails  and 
that  which  was  necessary  for  the  vanner-supply.  It  was  found 
that  the  final  tails  were  of  ver}'  low  grade ;  the  result  being 
somewhat  surprising,  considering  the  smallness  of  the  concen- 
tration-plant for  an  output  of  70  tons  per  day,  but  being  doubt- 
less referable  to  the  comparatively  simple  character  of  the  ore. 

A  futile  attempt  had  formerly  been  made  to  extract  the  val- 
ues of  the  table-concentrates  by  cyanidation  without  roasting, 
and  about  60  tons  remained  in  one  of  the  cyanide  tanks,  from 
which  a  portion  of  the  values  had  been  extracted,  but  Avhich 
yet  contained  about  6  oz.  of  silver  and  2.25  oz.  of  gold  per  ton. 
An  analysis  of  these  concentrates  suggested  the  following  ap- 
proximate constitution:  SiOj,  17.64;  CaO,  4.95;  FeSj,  52.73; 
FCgOj,  25.31;  Pb,  not  det.;  Cu,  none;  As,  none;  total,  100.63 
per  cent. 

Continued  leaching  of  these  concentrates,  for  about  21  days, 
with  solutions  of  various  strengths,  removed  about  75  per  cent, 
of  the  remaining  values,  but  with  a  large  consumption  of  cya- 
nide, when  the  extraction  practically  ceased.  The  material 
was  thoroughly  aerated  by  turning  over  with  shovels,  and  one- 
half  placed  in  an  adjoining  tank;  both  portions  were  again 
subjected  to  leaching  with  cyanide,  but  with  no  compensatory 
extraction. 

In  the  above  treatment  of  the  concentrates,  the  first  solutions 
drawn  off  were  of  a  brilliant  claret  color;  and,  as  no  copper 
had  been  found  in  the  analysis,  the  reason  for  the  phenomenon 
was  somewhat  obscure.  A  repeated  test  of  the  concentrates 
again  showed  no  copper,  but  an  analysis  of  the  material,  pre- 
cipitated from  the  colored  solution  by  addition  of  acid,  proved 
it  to  consist  of  cupric  ferro-cyanide.  Further  consideration 
discovered  the  source  of  the  copper  in  the  residue  left  by  evapo- 
ration in  one  of  the  solution-tanks;  this  had  been  taken  up  by 
the  new  solution  and  produced  the  color  mentioned.  Analysis 
of  samples  of  freshly-made  concentrates  showed  them  to  con- 
tain about  0.2  per  cent,  of  copper;  enough  to  assist  nicely  in 
the  zinc-precipitation. 

After  various  experiments  upon  the  raw  concentrates,  it  was 
found  that  if  the  material  was  ground  to  100-mesh  and  agitated 


CYANIDATION    OF    RAW  PYRITIC    CONCENTRATES.  573 

for  32  hr.,  about  85  per  cent,  of  the  gold  and  70  per  cent,  of 
the  silver  could  be  extracted,  at  an  expense  of  about  6.5  lb.  of 
cyanide  per  ton.  This  result  promised  a  very  fair  return  (espe- 
cially in  a  case  where  no  other  procedure  was  available);  and 
the  system  was  put  in  effect  in  the  mill,  with  the  happy,  and 
somewhat  unusual,  result  that  the  mill-practice  has  yielded 
very  much  better  returns  than  those  obtained  in  the  laboratory- 
experiments  ;  a  fact  which  is  probably  due  to  the  rise  in  tem- 
perature produced  during  the  grinding  of  the  pulp. 

The  yield  of  concentrates  from  the  mill  w^as  about  2  tons  per 
day.  For  grinding  so  small  a  product,  the  purchase  of  a  bail- 
or tube-mill  was  out  of  the  question ;  so  also  was  the  use  of 
one  of  the  stamp-batteries  for  the  purpose ;  and  about  the  least 
expensive  machine  which  could  be  thought  of,  which  would 
have  a  sufficient  capacit}'  and  which  would  probably  fulfill  the 
other  requirements,  was  one  of  the  old-style  amalgamating 
pans,  such  as  are  used  in  silver-mills.  A  second-hand,  5-ft. 
pan,  with  wooden  sides,  was  bought  in  Denver,  installed  in  the 
mill,  and  arranged  to  discharge  into  each  of  two  leaching-tanks 
belonging  to  the  small  cyanide-plant  formerly  mentioned.  The 
pan  was  charged  with  about  one  ton  of  solution  carrying  6  lb. 
of  cyanide,  6  lb.  of  lime  and  1.5  tons  of  raw  concentrates;  it 
was  set  in  motion  at  the  rate  of  about  75  rev.  per  min.,  and 
continued  to  grind  for  8.5  hr,;  about  2  lb.  more  of  cyanide 
being  added  during  the  day,  as  the  strength  failed.  At  the 
end  of  the  period,  the  material  was  found  to  be  fineh'  ground, 
and  was  discharged  into  the  leaching-tank;  it  was  also  found 
that,  at  the  close  of  the  grinding,  the  temperature  of  the  mass 
had  risen  about  40°  F.  above  the  outside  temperature.  A  sam- 
ple of  the  ground  pulp  was  taken,  filtered,  washed  and  assayed, 
with  the  somewhat  surprising  result  that  an  extraction  was 
shown  of  90.7  per  cent,  of  the  values. 

Since  the  initial  test,  the  operation  has  been  carried  on  con- 
tinuously with  similar  results;  the  only  variation  occurring 
when  the  grinding  was  affected  by  the  clogging  of  the  mullers 
by  foreign  matter.  Since  this  occurrence,  the  concentrates 
have  been  passed  through  an  8-mesh  screen,  and  no  further 
difficulty  has  been  noticed.  After  the  grinder  is  discharged 
into  the  leaching-tank,  and  after  the  solution  has  settled  to 
some  extent,  it  is  customarj-  to  cover  the  material  in  the  tank 
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with  dry  middlings  from  the  table,  for  the  purpose  of  facilitat- 
ing percolation ;  in  this  manner,  filtration  goes  on  with  suffi- 
cient rapidity.  When  one  leaching-tank  is  filled,  it  is  continu- 
ously leached  with  cyanide  solution,  while  the  other  tank  is 
being  filled ;  it  is  then  washed  and  discharged  through  a  bot- 
tom-discharge door.  The  capacity  of  each  tank  is  about  15 
tons;  so  that  a  tank  has  about  4  days  of  extra  leaching  after  it 
is  tilled ;  it  then  has  3  days'  washing  before  discharge.  During 
a  campaign  of  6  months,  in  which  time  various  grades  of  con- 
centrates have  been  treated,  the  average  extraction  has  been 
about  94  per  cent,  of  the  total  values.  The  grinding  and  cya- 
nide-plant require  little  attention,  except  in  the  matter  of  charg- 
ing the  grinder  and  discharging  it,  and  the  whole  plant  is 
easily  operated,  without  additional  cost,  by  the  man  who  has 
charge  of  the  tables  and  vanners.  The  pan  consumes  about 
8  h.p.,  and,  as  stated,  the  total  cyanide  consumption  is  about 
8  lb.  per  ton ;  adding  the  cost  of  6  lb.  of  lime,  the  total  cost  of 
the  treatment  of  the  concentrates,  including  the  values  left  in 
the  tails,  does  not  materially  exceed  $5  per  ton. 

The  concentrates,  as  they  are  taken  from  the  tables  and  van- 
ners, are  given  as  much  chance  as  possible  to  aerate  and  oxi- 
dize, since  it  is  found  to  be  the  case  that  partly  oxidized  mate- 
rial grinds  more  quickly  and  gives  up  its  values  with  a  notably 
less  amount  of  cyanide.  In  the  extraction  of  the  final  values 
from  the  old  concentrates  upon  which  tests  were  first  made,  it 
is  found  necessary  to  grind  them  for  2.5  hr.  onl}^  Muller-shoes 
last  about  3  months;  while  the  dies  last  much  longer.  The 
zinc-precipitation  is  good,  and  the  solutions  have  not  yet  be- 
come too  foul  for  use ;  most  of  the  copper  is  slagged  oft'  in  re- 
melting  the  bullion. 

In  the  first  attempts  at  the  use  of  the  grin  ding-pan,  it  was 
the  intention  to  make  the  pan  work  continuously,  by  overflow- 
ing and  allowing  the  continual  discharge  of  finely-ground  ore- 
particles  into  the  leaching-tank.  It  was  found,  however,  that 
the  rapid  motion  of  the  mullers  carried  coarse  as  well  as  fine 
to  the  surface,  and  the  scheme  was  abandoned.  It  was  next 
attempted  to  allow  a  continuous  discharge  through  pipes  set 
midway  up  the  sides  of  the  pan,  sizing  with  cyanide  solution 
by  spitzlutten,  and  return  of  the  coarse  material  to  the  grinder. 
This  also  was  abandoned,  and  the  discharge-opening  at  the 
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bottom  of  the  pan  was  threaded  and  a  valve  put  in.  The 
charge  in  the  pan  is  now  ground,  the  valve  connected  with  a 
discharge-pipe,  the  valve  then  opened  and  the  contents  of  the 
pan  discharged. 

To  show  the  grinding-efficiency  of  the  pan,  a  series  of  sizing- 
tests  were  made  upon  concentrates  as  they  came  from  the  tables, 
and  upon  similar  material  after  having  been  ground  for  8  hr., 
as  follows : 


Unground  concentrates, 

Passed 

Through 

100-mesh. 

Per  Cent. 

.     51.08 

Passed 

Through 

SO-mesh. 

Per  Cent. 

14.7 

Passed 
Through 

60-mesh. 

Per  Cent. 

6.20 

Coarser 
than 

60-mesh. 

Per  Cent. 
28.02 

Ground  concentrates,    . 

.     82.73 

9.20 

4.47 

3.60 

In  crushing  to  the  above  degree  of  fineness,  the  material 
seemed  to  be  fairly  amenable  to  cyanidation,  while  not  too  fine 
for  good  filtration ;  so  that  8-hr.  grinding  is  continued. 
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I.  Introduction. 

A  glance  through  the  Bibliography  appended  to  this  paper 
will  show  that  the  Transactions  of  this  Institute  contain  what 
virtually  constitutes  a  history  of  the  development  of  the  manu- 
facture of  steel  rails  in  this  country  and  abroad.  It  is,  there- 
fore, fitting  that  this  paper,  bringing  one  branch  of  this  im- 
portant subject  down  to  date,  should  be  here  presented,  and  it 
is  also  appropriate  to  select  this  joint  meeting  of  our  Society 
with  the  Iron  and  Steel  Institute  to  compare  the  specifications 
covering  the  rails  produced  in  these  two  countries,  and  to  pro- 
pose a  standard  specification  to  govern  the  manufacture  of 
American  rails  for  export. 

During  the  last  ten  j'ears  the  production  of  Bessemer  steel 
rails  in  the  United  States  and  Great  Britain  has  amounted  to 
32,128,720  gross  tons.  Nearly  19,000,000  tons  have  been  rolled 
in  the  past  five  years.  The  next  five  years  will  see  an  even 
larger  output,  owing  partly  to  the  extension  of  railway  pro- 
jects in  the  Orient,  in  South  and  Central  America,  in  Mexico, 
and  in  Australia  and  other  British  colonies. 

Of  late  years,  the  American  rail-mills  have  so  largely  in- 
creased their  daily  output,  that  trade-conditions  have  often 
made  possible  the  delivery  of  American  rails  to  foreign  ports. 

The  tenders  submitted  by  American  mills,  however,  have  al- 
ways been  accompanied  by  requests  for  changes  in  the  foreign 
specifications,  chiefly  in  the  reduction  of  the  amount  of  testing 
required;  and  it  has  been  ouly  natural,  especially  at  first,  that 
the  engineer,  whose  specification  had  always  been  accepted 
without  question  by  British  mills,  should  interpret  American 
tenders  as  an  evidence  that  an  inferior  rail  would  be  furnished 
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his  client  if  the  concessions  were  granted.  Often  after  a  con- 
siderable discussion,  the  specifications  have  been  modified,  in 
some  instances  on  the  representation  of  independent  American 
engineers,  who  make  rail-inspection  a  specialty,  that  the  re- 
quested modifications  or  omissions  in  the  requirements  would 
not  reduce  the  quality  of  the  rails  furnished. 

Although  the  delivery  of  many  tons  of  American  rails  to 
foreign  ports  has  proved  such  to  be  the  case,  there  has  been 
no  general  acknowledgment,  on  the  part  of  foreign  engineers, 
that  their  rail-specifications  must  be  modified  if  American  ten- 
ders are  particularly  desired ;  instead,  the  necessary  concessions 
are  still  a  matter  for  individual  adjustment,  and,  at  best,  the 
modified  specification  still  leaves  the  interpretation  of  certain 
requirements  in  such  doubt  that  the  American  mills  accept  or- 
ders for  rails  for  export,  with  the  cost  due  to  inspection,  and 
the  possibility  of  a  reduced  output,  as  very  uncertain  factors. 

The  object  of  this  paper  is  to  clear  up  this  matter  for  the  best 
interests  of  all  concerned.  A  sufificient  tonnage  of  American 
rails  is  now  in  service  abroad,  especially  in  the  British  colonies, 
to  establish  the  fact  that  in  no  respect  do  they  give  a  less  satis- 
factory service  than  the  product  of  British  mills. 

In  the  past  five  years  much  has  been  accomplished  in  both 
the  United  States  and  Great  Britain  toward  the  standardization 
of  the  requirements  governing  this  large  item  in  the  tonnage  of 
steel  produced  in  both  countries.  In  this  paper  the  importance 
of  what  has  been  thus  accomplished  is  duly  recognized,  and  the 
requirements  of  the  current  standard  and  individual  rail-speci- 
fications now  governing  the  rolling  of  rails  in  both  countries  are 
duly  compared,  so  as  to  show  that  the  fewer  and  more  definite 
requirements  which  now  govern  the  large  tonnage  of  rails  rolled 
for  American  railroads  make  it  unnecessary,  in  order  to  obtain 
the  same  quality'  of  product,  to  hamper  the  American  methods 
of  manufacture  by  the  more  elaborate  requirements  of  foreign 
specifications. 

The  reasons  why  foreign  rail-specifications  cannot  be  applied  to 
American  mills  are  stated  plainly,  and  a  standard  rail-specifi- 
cation is  proposed  which  is  particularly  applicable  to  the  manu- 
facture of  rails  rolled  in  America  for  export:  its  requirements 
can  be  met  by  all  the  American  mills,  so  that  the  possibility  of 
competition  is  assured  ;  the  specification  includes  all  the  checks 
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on  the  manufacturer  of  rails  essential  in  the  present  state  of  the 
art  in  American  mills;  the  requirements  are  definite;  all  am- 
biguous and  unnecessary  clauses  are  omitted,  the  idea  being 
that  a  specification  should  be  a  contract  strictly  lived  up  to  by 
both  parties  concerned,  and  having  for  its  object  the  delivery, 
without  unnecessary  expense  to  either  party,  of  the  best  pos- 
sible material  which  can  be  furnished  commercially  for  the  pur- 
pose intended. 

An  explanation  should  be  given  as  to  just  why  the  output  of 
American  rail-mills  has  of  late  years  so  materially  increased, 
so  as  to  show  that  this  change  has  not  reduced  the  quality  of 
the  product. 

The  gradual  increase  in  the  daily  output  of  American  rail- 
mills  during  the  last  decade  is  not  due  to  an  increase  in  the 
speed  of  the  rail-train,  prompted  by  a  reckless  desire  for  in- 
creased tonnage,  independent  of  the  quality,  strength  and  finish 
of  the  product,  but  rather  to  radical  improvements  resulting  in 
a  much  better  balance  between  the  producing-  and  finishing- 
ends  of  the  mill.  In  the  first  place,  the  finishing-train  is  used 
only  for  rolling  rails,  hence  there  are  few  delays  due  to  roll- 
changes  ;  furthermore,  the  rail-train  is  now  kept  much  busier ; 
the  bars  are  brought  more  quickly  and  continuously  to  the  rail- 
train  by  the  use  of  tables  with  rapidly  revolving  rollers ;  the 
blooming-train  is  seldom  idle,  owing  to  the  ample  heating- 
capacity  of  the  modern  soaking-pits  and  the  quick  stripping 
and  handling  of  ingots ;  suflicient  air-pressure  is  available  to 
blow  all  the  converters  at  once,  if  necessary ;  and  finally,  there 
is  always  an  excess  supply  of  melted  pig-iron  for  the  converters, 
drawn  either  direct  from  adjacent  blast-furnaces,  or  from  stor- 
age-receivers known  as  "  mixers,"  which  are  sometimes  sup- 
plemented with  iron  remelted  in  cupolas. 

In  times  past  the  converting-  and  blooming-departments  have 
not  equaled  the  capacity  of  the  rail-train,  but  by  the  improve- 
ments briefly  outlined  above,  the  lost-time  intervals  have  been 
materially  cut  down.  One  American  rail-mill,  without  change 
in  the  speed  of  its  rail-train,  has  thus  increased  its  output  of 
rails  from  1,000  to  1,800  tons  per  day  of  24  hours. 

That  the  maximum  capacity  of  its  finishing-train  has  not  yet 
been  reached,  without  increasing  its  speed,  may  be  seen  by  the 
following  calculation.      With  the    finishing-roll    26  in.  in  di- 
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ameter,  running  at  a  speed  of  95  rev.  per  min.,  its  product,  if  a 
continuous  bar  were  rolled,  would,  if  cut  up  into  33-ft.  lengths, 
make  no  less  than  28,221  rails  per  24.  hr.,or  11,087  gross  tons 
of  80-lb.  33-ft.  rails  on  two  shifts;  of  course  this  is  a  theoretical 
output,  but  it  proves  the  error  of  the  usual  criticism  that  the 
present  output  of  American  rail-mills  is  due  to  very  rapid 
rolling. 

In  the  following  comparative  discussion  of  the  American 
and  British  specifications  which  govern  the  rails  produced  to-day, 
the  requirements  have  been  classified  under  the  headings  given 
in  the  table  of  contents,  and  this  same  classification  has  also 
been  used  in  the  proposed  standard  specification  found  at  the 
end  of  this  paper. 

II.  Process  of  Manufacture. 

1.  American,  Specifications. 

The  specifications  of  American  railroads,  as  well  as  those 
known  as  "the  Manufacturers'  Specifications,"  which  latter 
govern,  when  no  specification  is  submitted  by  the  railroad, 
both  contain  a  general  provision,  that  the  entire  process  of 
manufacture  and  testing  shall  be  in  accordance  with  the  best 
current  practice,  and  both  mention  certain  precautions  in  the 
process  with  particular  reference  to  obtaining  sound  rails. 

2.  Foreign  Specifications. 

In  some  foreign  rail-specifications  there  are  clauses  govern- 
ing the  process  of  manufacture  which  should  be  omitted  when 
applying  the  specifications  to  American  practice.  While  all 
American  makers  should  readily  comply  with  a  requirement 
that,  in  their  tender,  they  must  mention  the  character  of  the  ma- 
terials and  the  process  they  propose  to  use,  their  sources  of 
supply  are  such  that  clauses  worded  as  follows  should  be 
waived:  "Best  hematite  pig-iron,"  or  "No.  1  Cumberland 
hematite  pig-iron  must  be  used."  "  The  iron  used  to  be  made 
from  the  best  English  or  Spanish  hematite  ore."  "  Charcoal 
spiegeleisen  shall  be  used."  As  "  direct  metal "  is  almost  en- 
tirely used  in  American  mills,  the  requirement  that  "  the  iron 
be  melted  in  air  furnaces,  or  cupolas,  before  being  run  into  the 
converters  "  should  be  omitted. 


J 


AMERICAN    AND    FOREIGN    RAIL-SPECIFICATIONS.  581 

In  reference  to  ingots,  some  specifications  require  that  "  each 
ingot  shall  be  of  ample  length  and  weight  to  allow  for  cutting 
off  unsound  parts  from  each  end  of  the  rail  to  reduce  it  to  the 
finished  length ;"  others  require  that  the  ingot  shall  measure 
at  least  10  in,  at  the  top  and  12  in.  at  the  bottom,  or  at  least 
12  in.  and  14  in.,  respectively.  In  American  practice  all  rail- 
ingots  are  of  ample  size  for  discards ;  in  fact,  from  4  to  6  rails 
of  the  heaviest  sections  are  rolled  from  each  ingot.  A  clause 
such  as  the  following  is  unnecessary  and  impracticable  :  "  The 
surfaces  of  the  ingots  are  to  be  smooth  and  clean ;  any  ine- 
qualities produced  by  the  ingot-molds  must  be  removed  by 
chisel.  1^0  ingots  containing  any  defect  will  be  accepted,  and 
no  repairs  to  defective  ingots  will  be  permitted."  The  judg- 
ment of  the  manufacturer  as  to  the  disposition  of  the  ingots 
should  govern,  limited,  however,  by  the  requirement  that  he 
must  be  in  accord  with  the  best  current  practice.  He  would 
gain  nothing  by  attempting  to  repair  defective  ingots,  as  to 
make  such  repairs  he  would  first  have  to  allow  the  ingot  to  be- 
come cold. 

As  no  American  rail-mill  allows  ingots  to  become  cold,  all 
rails,  containing  surface-defects  due  to  superficial  defects  in  in- 
gots, are  rejected  before  being  submitted  to  the  inspector. 

III.  Chemical  Properties. 

1.    Chemical  Composition. 

(a)  American  Specifications. — In  American  rail-specifications 
the  carbon  and  manganese  requirements  increase  with  the 
weight  of  the  section.  Silicon  is  usually  specified  "  not  over 
0.20  per  cent.,"  which  limit,  with  American  acid-Bessemer 
blowing,  might  as  well  be  omitted,  unless  silicon  is  purposely 
added,  to  meet  special  requirements.  Sulphur  is  only  occa- 
sionally specified,  the  upper  limit  being  0.075  per  cent. ;  this 
is  essential,  as  a  higher  sulphur-content  causes  red-shortness, 
with  its  attendant  evils  in  the  finish  of  the  rail. 

The  limits  in  Table  I.,  quoted  from  the  manufacturers' 
standard  specifications,  govern,  with  but  slight  modifications 
in  a  few  cases,  by  far  the  largest  tonnage  of  rails  delivered  to- 
day to  American  railroads. 
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Table  I. —  Chemistry  of  American  Rail-Specifications. 


Weight  of  Rail 
Per  Yard. 

Carbon. 

Manganese. 

Silicon. 
Not  Over. 

Phosphorus. 
Not  Over. 

Pounds. 
50-59 
60-69 
70-79 
80-89 
90-100 

Per  Cent. 
0.35-0.45 
0.38-0.48 
0.4-5-0.55 

0.48-0.58 
0.50-0.60 

Per  Cent. 
0.70-1.00 
0.70-1.00 
0.75-1.05 
0.80-1.10 
0.80-1.10 

Per  Cent. 
0.20 
0.20 
0.20 
0.20 
0.20 

Per  Cent. 
0.10 
0.10 
0.10 
0.10 
0.10 

In  rails  of  70  lb.  and  over,  the  range  of  carbon  above  speci- 
fied is  5  points  (0.05  per  cent.)  higher  than  standard  practice 
in  1900. 

The  recent  specifications  of  two  committees  of  engineers 
recommend  still  higher  carbons  than  given  in  Table  L,  lower 
the  upper  limit  of  manganese  0.05  per  cent.,  and  suggest  a  re- 
duction of  the  phosphorus  to  0.085  per  cent. 

No  data  have  been  presented  proving  that  rails  of  the  car- 
bons specified  in  Table  I.  have,  because  of  a  content  of  0.10 
per  cent,  of  phosphorus,  failed  or  proved  brittle  after  short 
service.  Considerable  data  have  been  published  showing  that 
rails  made  under  specifications  allowing  0.10  per  cent,  of  phos- 
phorus have  given  excellent  service.  The  vast  tonnage  of 
rails  now  in  track  and  showing  an  excellent  record,  which,  if 
analyzed,  would  show  from  0.090  to  0.110  per  cent,  of  phos- 
phorus, weakens  the  plea  for  a  reduction  in  the  present  guaran- 
teed phosphorus  of  steel  rails. 

To  obtain  a  harder  steel,  or  a  better  rail,  by  an  increase  in 
carbon  and  a  reduction  in  phosphorus  is  theoretically  ideal. 
To  obtain  steel  rails  with  a  guaranteed  phosphorus-content 
lower  than  0.10  per  cent,  from  the  majority  of  American 
rail-makers  is  now  impracticable.  The  one  Eastern  rail-mill 
using  pig-iron  made  entirel}'  from  Cuban  ores  can,  without  ex- 
tra cost,  make  steel  of  a  somewhat  lower  guaranteed  phosphorus 
than  the  seven  Western  rail-mills  using  iron  made  from  native 
ores.  By  a  careful  selection  of  ores,  some  of  these  latter  mills 
could  make  a  small  tonnage  of  steel  rails  of  a  guaranteed 
phosphorus-content  of  0.085  per  cent. ;  but  the  extra  cost  and 
other  trade-conditions  make  this  suggestion  impracticable,  and 
existing  data  as  to  wear  do  not  warrant  establishing  a  phos- 
phorus-guarantee below  0.10  per  cent. 
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(6)  Foreign  Specifications. — Contrary  to  American  specifica- 
tions, there  is  very  seldom  in  foreign  rail-specifications  any 
change  in  the  carbon  and  manganese  with  an  increase  in  the 
weight  of  section.  The  maximum  carbon  is  0.50  per  cent., 
usually  with  an  allowable  range  of  15  points,  except  in  the 
British  standard  specification  for  tramway-rails  of  from  90  to 
116  lb.  per  yd.,  where  the  carbon-range  is  from  0.40  to  0.55 
per  cent. 

Table  II.  also  shows  that  the  maximum  manganese  specified 
is  1.00  per  cent.,  with  allowable  range  of  30,  but  sometimes  20 
points. 

There  is  considerable  variation  in  the  maximum  silicon  speci- 
fied, the  figures  being  0.06,  0.07,  0.08,  0.10  and  occasionally 
0.15  and  0.20  per  cent. 

With  sulphur,  the  maximum  is  either  0.080,  0.070  or  0.060 
per  cent. 

The  American  mills  have  no  objection  to  making  the  softer 
rails  preferred  by  foreign  engineers,  and  consequent  upon  maxi- 
mum limits  of  0.50  per  cent,  of  carbon,  1.00  per  cent,  of  man- 
ganese and  0.080  per  cent,  of  silicon.  They  need  a  range  ot 
only  10  points  in  carbon,  although  often  given,  as  above  stated, 
a  limit  of  0.35  to  0.50  per  cent.  They  want  a  range  of  20  points 
in  manganese,  either  from  0.80  to  1.00  per  cent,  or  from  0.70 
to  0.90  per  cent.,  but  they  object  to  such  low  manganese  as 
0.40  per  cent.,  which  is  occasionally  specified.  In  reference  to 
sulphur,  a  fair  maximum  would  be  0.070  per  cent. 

As  to  phosphorus,  the  requirement  in  foreign  specifications 
of  older  date,  that  every  heat  of  rail-steel  shall  be  analyzed  for 
phosphorus  and  arsenic,  and  stipulating  that  together  they  must 
not  exceed  0.60  per  cent.,  has  become  obsolete.  Arsenic  should 
not  be  classed  with  phosphorus  in  its  effect  upon  the  physical 
qualities  of  steel,  and  furthermore,  there  is  no  rapid  method  by 
which  phosphorus  and  all  the  arsenic  can  be  determined  in 
steel.  Most  of  the  current  foreign  rail-specifications  limit  the 
phosphorus  to  0.080  or  0.075  per  cent.,  although  some  pub- 
lished analyses  of  British  rails  show  a  higher  phosphorus-con- 
tent than  0.080  per  cent. 

In  discussing  the  American  specifications,  it  was  stated  that 
none  of  the  American  mills,  except  the  one  using  foreign  ores 
entirely,  would    guarantee  their    output  of  steel    rails    under 
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0.10  per  cent,  of  phosphorus.  It  is,  therefore,  evident  that,  to 
obtain  tenders  from  several  American  mills,  the  foreign  engi- 
neer should  modify  his  specified  phosphorus  to  0.10  per  cent, 
from  the  present  limits  of  0.075  or  0.080  per  cent.,  which  Eng- 
lish makers  of  acid-Bessemer  steel  rails  can  meet  without 
extra  cost,  having  the  Cumberland  and  Spanish  hematites,  of 
lower  phosphorus  than  the  American  ores,  as  a  basis  for  their 
ore-mixtures.  With  the  low  carbon  specified,  this  change,  re- 
sulting in  free  competition,  is  not  as  serious  as  might  at  first 
appear. 

The  engineer  knows  that  even  the  steel-maker  admits  that 
phosphorus  is  the  most  undesirable  constituent  of  steel.  He 
knows  that,  in  general,  when  a  steel  is  liable  to  sudden  and 
fi-equent  shock,  it  should  be  "  low  in  phosphorus."  He  must 
bear  in  mind,  however,  that  careful  heating  and  lower  finishing- 
temperatures  easily  counteract  a  difierence  of  0.020  per  cent,  in 
phosphorus ;  moreover,  it  is  universally  conceded  that  the 
evil  efifects  of  phosphorus  increase  with  the  carbon ;  that  the 
foreign  engineer's  rail-specifications  call  for  a  lower  range  of 
carbon  than  is  usually  specified  in  America ;  that  the  higher- 
carbon  American  rails  with  their  0.10  per  cent,  of  phosphorus 
withstand  the  shock  of  the  drop-test,  and  that  it  has  not  been 
proved  that  any  difiiculties  with  breakage  on  American  roads 
or  on  foreign  roads  laid  with  American  rails  have  been  attrib- 
uted to  the  presence  of  0.10  per  cent,  instead  0.08  per  cent,  of 
phosphorus  in  the  rails.  Nor  in  foreign  service  have  Ameri- 
can rails  been  proved  more  brittle  than  those  of  British  make. 

Finally,  he  should  bear  in  mind  that  this  modification  in 
phosphorus  is  by  no  means  a  new  suggestion,  as  it  has  often 
been  allowed;  a  fact  emphasized  by  the  official  statistics,  which 
show  that  in  the  last  ten  years  2,262,451  gross  tons  of  rails 
have  been  exported  from  the  United  States,  and  that  therefore, 
abroad  as  well  as  in  America,  there  is  a  considerable  tonnage 
of  rails  containing  a  little  less  than  0.10  per  cent,  of  phosphorus, 
now  in  track,  and  meeting  the  service  demanded. 

Basic  open-hearth,  or  even  basic  Bessemer  rails  with  their 
very  much  lower  phosphorus-content — if  other  hardening-con- 
stituents  were  present  in  the  right  proportion  and  other  even 
more  important  details  of  manufacture  were  properly  carried 
out — would  perhaps  give  better  and  longer  service ;  but  under 
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present  conditions,  the  vast  majority  of  rails  rolled  in  England 
a!id  America  for  some  time  to  come  will  be  made  of  acid-Bes- 
semer steel. 

Under  these  commercial  conditions,  and  in  view  of  the  facts 
presented,  and  the  other  requirements  of  his  specification, 
which  in  themselves  amply  protect  his  client,  is  the  engineer 
warranted  in  restricting  competition  by  refusing  to  change  his 
phosphorus  limit  to  0.10  per  cent,  so  as  to  include  current  Amer- 
ican practice  ? 

2.    Chemical  Analysis. 

(a)  American  Specifications. — In  American  specifications,  the 
manufacturer  is  required  to  furnish  the  inspector  daily  with 
carbon-determinations  from  each  blow,  and  a  complete  chem- 
ical analysis  every  12  or  24  hr.,  representing  the  average  per- 
centage of  manganese,  phosphorus,  sulphur  and  silicon  present. 

All  these  analyses  are  made  on  drillings  taken  from  the  test- 
ingot,  cast  when  pouring  the  heat,  and  check-analyses  on  rails 
are  not  required. 

(h)  Foreign  Specifications. — The  demands  on  the  steel-works 
laboratory  and  the  possible  delays  resulting  from  independent 
check-analyses  are  of  such  importance  to  the  American  rail- 
mill,  when  the  foreign  requirements  are  applied  to  American 
output,  that  the  necessity  for  such  frequent  analyses  and  the 
emphasis  given  to  checking  results  will  be  discussed  somewhat 
in  detail. 

(c)  Number  of  Analyses  Required. — In  some  foreign  rail-speci- 
fications, the  maker  is  asked  to  furnish  complete  chemical 
analyses  more  frequently-  that  can  possibly  be  complied  with, 
when  the  requirements  are  applied  to  American  practice ;  even 
wnth  the  facilities  of  the  modern  rapid  analytical  methods,  the 
conscientious  efforts  of  steel-works  chemists  fail  to  meet  the 
demands  made  on  them. 

It  is  unnecessary  in  American  practice  to  obtain  such  fre- 
quent checks,  for  in  the  present  state  of  the  art,  the  "  direct 
metal,"  as  delivered  to  the  Bessemer  vessel,  is  smelted  from  a 
uniform  mixture  of  ores,  so  that  the  variation  in  phosphorus  is 
small,  and  the  "  blowing  "  is  so  constant  and  regular  that  tem- 
peratures vary  within  narrow  limits,  and  hence  the  silicon  in 
the  steel  is  practically  constant.  As  to  reports  on  carbon  and 
manganese,  the  maker  is  willing  to  furnish  them  with  every 
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blow  of  steel ;  also  phosphorus-determinations  on  six  blows  of 
steel  every  12  hr.,  and  sulphur  and  silicon  on  an  average  sample 
of  each  12  hours'  rolling. 

(d)  Sample  for  Analysis. — Drilling  from  a  test-ingot,  cast 
during  pouring,  is  the  only  practicable  method  by  which  an 
identified  average  sample  of  a  heat  of  steel  rolled  into  rails  can 
be  obtained,  and  American  mills  refuse  to  allow  analyses  of 
drillings  from  rails  or  tensile  tests  to  govern  the  decision  of 
the  inspector  as  to  the  chemical  composition  of  a  heat  of  rails, 
because  such  samples  are  not  representative. 

It  is  well  known  to  the  consulting  engineer  and  his  represen- 
tatives at  the  mill,  as  well  as  to  the  manufacturer,  that  there  is 
an  unavoidable  variation  in  the  composition  of  the  ditierent 
rails  from  each  blow,  as  well  as  those  from  each  ingot,  a  differ- 
ence between  the  two  ends  of  a  rail,  and,  in  point  of  fact, 
unavoidable  variations  even  in  the  different  portions  of  the 
cross-section.  It  is,  therefore,  unreasonable  to  specify  that 
check-analyses  shall  be  made  on  rails,  and  that  the  finished  rails 
shall  be  piled  into  500-ton  lots  and  not  shipped  until  an  analysis 
on  one  piece  of  rail  is  reported  by  some  independent  and  prob- 
ably far-distant  chemist,  who  has  been  selected  by  the  engineer. 

If  the  average  chemical  composition  of  a  piece  of  rail  is  to 
be  determined,  there  is  only  one  correct  way  of  obtaining  an 
average  sample — namely,  to  machine  dry  clean  chips  from  the 
entire  cross-section  of  the  rail  for  a  uniform  depth,  weigh  the 
entire  sample,  dissolve  it  all  in  acid,  dilute  the  solution  to  a 
known  volume  and  measure  off  aliquot  portions  for  the  deter- 
mination of  manganese,  silicon  and  phosphorus;  again  ma- 
chine the  entire  cross-section  for  a  smaller  depth,  and  use  all 
the  chips  for  a  gravimetric  determination  of  carbon,  preferably 
by  combustion  in  oxygen ;  again  machine  the  cross-section  and 
use  all  of  the  sample  for  the  determination  of  sulphur. 

IvTo  chemist  can  dispute  the  above  statement,  and  yet  many 
steel  chemists  will  admit  that  they  have  been  requested  to  ana- 
lyze drillings  from  rails  which  they  knew  did  not  truly  repre- 
sent the  piece  of  rail  selected  as  a  sample,  much  less  the  500 
tons  which  the  inspector  was  privileged  to  accept  or  reject  on 
the  basis  of  the  reported  analysis. 

(e)  Check-Analyses  Impracticable. — The  laboratories  of  the 
large  American  steel-works  are  in  charge  of  competent  chem- 
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ists  using  modern  methods.  Their  work  is  regularly  checked 
by  American  customers  buying  merchant  steels  on  guaranteed 
analyses.  Standard  samples  of  pig-iron  and  steel,  which  have 
been  carefully  analyzed,  are  now  furnished  at  low  cost  by  the 
Bureau  of  Standards  at  Washington,  for  the  purpose  of  check- 
ing chemists'  results.  A  steel-works  chemist,  by  virtue -of  the 
many  similar  determinations  he  is  daily  required  to  make,  be- 
comes a  specialist  in  his  line,  and  it  is  no  injustice  to  claim 
that  his  results  are  at  least  as  accurate  as  those  of  independent 
chemists,  whose  analytical  work  usually  covers  a  much  wider 
field. 

For  these  reasons,  the  American  rail-maker,  who  willingly 
furnishes  daily  a  sufficient  number  of  analyses  to  form  a  correct 
opinion  of  the  chemical  composition  of  his  product,  is  justified 
in  declining  to  comply  with  the  many  forms  of  check-analyses 
found  in  foreign  rail-specifications,  if  his  product  may  be  thus 
rejected  without  appeal,  and  when  it  is  specified  that  these  in- 
dependent analyses  may  be  made  "  as  often  as  desired  "  and 
"  at  the  expense  of  the  contractor." 

It  is  impracticable  in  American  practice  to  re-handle  the  fin- 
ished rails,  sorting  them  out  in  piles  of  200  or  500  tons,  and  it 
is  entirely  unjust,  as  will  be  shown  in  the  discussion  immedi- 
ately following,  for  such  lots  to  be  rejected  solely  on  the  analysis 
of  a  single  rail. 

(/)  Rejection  Solely  on  Variation  in  Composition. — The  provi- 
sions of  foreign  rail-specifications  for  the  rejection  of  rails  solely 
on  the  basis  of  a  variation  from  the  prescribed  chemistry  are 
too  strictly  drawn,  and  the  suggestion  as  to  check-analyses  is 
impracticable. 

In  studying  the  prompt  and  frequent  analyses  of  the  rail- 
steel  made  on  each  turn,  furnished  by  the  manufacturer,  it  is- but 
reasonable  that  the  inspector  should  be  given  the  authority  to 
exercise  some  judgment,  when  the  analyses  show  only  a  slight 
and  immaterial  variation  from  the  specified  limits.  By  so 
doing,  he  is  not  jeopardizing  the  interests  of  the  purchaser,  but 
simply  acknowledging  that  accuracy  within  0.005  per  cent,  in 
phosphorus,  sulphur  and  silicon,  and  0.01  per  cent,  in  carbon 
and  manganese,  is  not  uniformly  attainable  with  the  rapid 
methods  of  analysis  necessarily  employed ;  and  he  is  further 
supported  in  a  sensible  tolerance  in  this  regard  by  the  knowl- 
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edge  that  no  such  small  variations  from  the  prescribed  limits 
in  chemistry  can  possibly  aft'ect  the  lite,  the  safety  or  the  wear 
of  the  rails  when  put  in  service. 

Furthermore,  no  prescribed  methods  for  chemical  analyses 
should  form  a  part  of  a  specification.  Entire  uniformity  in  the 
detail^  of  the  various  analytical  methods  used  in  steel-works 
laboratories  will  probably  never  be  realized,  nor  is  it  a  neces- 
sity in  obtaining  accurate  chemical  analyses. 

IV.  Physical  Properties. 

1.  Drop-Test  and  Drop-Testing  Machine. 

{a)  American  Specifications. — As  one  of  the  results  of  the  stand- 
ardization of  rail-specifications  in  America,  the  American  rail- 
mills  are  equipped  with  a  drop-testing  machine,  uniform  in  its 
essential  features. 

The  tup  weighs  2,000  lb. ;  the  radius  of  its  striking-face  is  5 
in.  The  weight  of  the  anvil-block  is  amply  sufficient  to  secure 
rigidity  ;  and  furthermore  it  rests  on  a  solid  masonry  founda- 
tion. The  supports  for  the  rails  have  a  5-in.  radius,  are  set  3 
ft.  apart,  and  are  firmly  secured  to  the  anvil-block.  The  height 
to  which  the  tup  is  raised  is  measured  in  even  feet,  by  a  fixed 
vertical  gauge. 

The  drop-test  is  made  on  a  piece  of  rail,  from  4  to  6  ft.  long, 
cut  at  the  hot  saws,  from  the  end  of  one  rail  from  every  fifth 
heat.  The  piece  is  stamped  with  the  blow-number  and  placed 
on  skids  to  cool.  When  cool  and  ready  for  test,  it  is  placed 
head  upwards  on  the  supports,  and  the  various  sections  must 
withstand,  without  fracture,  one  blow  of  the  2,000-lb.  tup,  from 
the  heights  specified.  The  report  of  this  drop-test  includes  a 
record  of  the  atmospheric  temperature  at  the  time  the  tests 
were  made. 

ISTone  of  the  American  specifications  require  a  second  blow 
from  the  tup,  and,  with  but  one  or  two  exceptions,  no  deflection- 
limits  are  specified. 

In  case  the  rail-butt,  selected  to  represent  the  heat,  as  above 
described,  should  break  when  subjected  to  the  drop- test,  two 
additional  drop-tests  are  made  on  pieces  of  rail  or  on  rail-butts 
cut  from  two  other  rails  from  the  same  blow  of  steel ;  if  either 
of  these  latter  tests  fail,  all  the  rails  of  the  blow  which  they 
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represent  are  rejected,  but  if  both  of  these  additional  test-pieces 
meet  the  requirements,  all  the  rails  of  the  blow  which  they  rep- 
resent will  be  accepted.  If  a  heat  of  rails  is  thus  rejected,  the 
blows  next  preceding  and  succeeding  the  rejected  blow  are  simi- 
larly tested,  and  if  the  rails  of  either  of  these  blows  are  rejected, 
provision  is  made  for  similarly  testing  adjacent  blows  until  the 
entire  group  of  five  blows  is  tested,  if  necessar}-.  Each  blow  is 
accepted  or  rejected,  according  to  the  result  of  the  drop-test  on 
the  test-rails  representing  the  blow. 

Table  III.  gives  the  heights  of  drop  required  in  the  specifica- 
tions governing  the  vast  majority  of  the  tonnage  of  domes- 
tic rails  delivered  to  American  railroads.  The  chemical  re- 
quirements are  included  for  comparison;  the  "foot-pounds" 
noted  are  simply  the  product  of  the  weight  into  the  height, 
without  regarding  the  energy  of  the  tup  just  before  striking. 
The  comparative  resistance  to  impact  of  rails,  of  a  certain  weight 
per  yard,  is  influenced  by  the  section.  As  more  than  80  per 
cent,  of  the  rails  now  rolled  for  American  railroads  are  the 
standard  "T"  sections  recommended  in  1893  by  the  American 
Society  of  Civil  Engineers,  the  weight  and  the  chief  measure- 
ments of  these  standard  sections  are  also  included  in  Table  III. 
so  as  to  aid  in  comparing  the  American  drop-test  on  "  T  "  rails 
of  certain  weights  and  dimensions,  with  that  required  for  the 
wide  variety  of  sections  included  in  foreign  specifications. 

(6)  Foreign  Specifications. — A  tabular  comparison  of  the  drop- 
test,  as  it  is  found  in  foreign  rail-specifications,  would  only  em- 
phasize the  diversity  of  the  requirements  specified.  Since  the 
specifications  are  based  on  British  practice,  the  number  of  tests 
usually  required  should  be  reduced  when  applied  to  American 
practice,  so  as  not  to  retard  the  output;  this  concession  is  rea- 
sonable because  the  inspector  is  given  the  carbon-  and  manga- 
nese-content of  each  heat  before  the  rails  are  rolled,  and  the  con- 
tinuous methods  characteristic  of  American  rail-mills  make  but 
slight  diflerences  in  the  finishing-operations.  With  the  chem- 
ical composition  already  known,  a  drop-test  on  each  heat  is 
therefore  not  necessary,  and  with  the  production  of  more  than 
125  heats  per  24  hr.,  this  requirement  operates  as  a  hardship 
on  the  manufacturer  as  well  as  on  the  inspector. 

A  few  specifications  make  no  allowance  for  re-test,  in  case  the 
piece  cut  from  the  end  of  one  rail  of  the  heat  fails  under  the 
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impact-test.  Usually,  however,  privilege  is  given  to  submit 
tests  cut  from  two  other  rails  from  the  heat,  and  the  heat  is  re- 
jected if  two  out  of  three  tests  fail. 

As  the  specified  distance  between  supports  is  never  over  4  ft., 
and  usually  not  over  3.5  ft.,  it  simply  makes  the  manufacturer 
unnecessarily  consign  good  metal  to  scrap,  for  the  engineer  to 
specify  the  test  of  pieces  over  5  ft.  long  or  of  a  full-length  rail, 
as  is  sometimes  done. 

"When  the  drop-test  accepts  or  rejects  the  product  by  heats, 
the  further  check  of  one  test  cut  from  every  100  or  200  rails, 
as  is  sometimes  specified,  seems  unnecessary. 

There  is  one  form  of  foreign  drop-test  which  acts  as  a  hard- 
ship on  the  American  mills  if  made  as  specified  on  "  one  rail- 
butt  from  each  heat."  The  test  requires  that  a  piece  of  rail,  with 
4  ft.  between  supports,  shall  be  given  two  blows  with  a  1-ton 
tup  from  suflicient  heights  to  bend  the  rail  to  an  angle  of  110° 
(that  is,  through  an  angle  of  70°);  the  specified  carbon  is  from 
0.35  to  0.42  per  cent.  It  seems  illogical  to  specify  this  fixed 
angular  deflection  for  all  sections  and  weights  of  rails,  and  it 
is  questionable  whether  this  requirement  can  be  obtained  from 
the  heavier  sections  under  the  conditions  specified. 

Specified  drop-tests,  such  as  the  following,  are  entirely  im- 
practicable when  applied  to  American  output.  After  the  regular 
drop-test,  it  is  specified  that  ''  the  rails  are  also  to  be  tested  until 
broken,  the  heights  of  fall  and  number  of  blows  being  recorded  ;" 
also,  "  butts  of  rails  will  be  subjected  to  drop-tests  until  broken, 
and  if  the  metal  fails  to  show  4  per  cent,  of  elongation  before 
breaking,  the  whole  lot  of  rails  made  from  the  heat  will  be  re- 
jected," 

(c)  Limits  in  Deflection. — As  a  general  rule,  an  American  rail 
will  not  show  quite  as  much  deflection  under  impact  as  a  simi- 
lar section  of  British  make.  One  reason  is  that  the  carbon 
specified  by  foreign  engineers  is  so  much  lower  than  American 
practice  that  the  natural  tendency  of  the  manufacturers  is  to  ap- 
proach the  upper  limit  of  the  permissible  range,  as  they  are  not 
accustomed  to  making  rail-steel  below  0.40  per  cent,  of  carbon ; 
another,  that  the  finishing-temperature  also  difters  somewhat 
from  that  of  British  mills. 

American  mills  do  not  hesitate  to  guarantee  that  their  rails, 
rolled  to  the  required  foreign  section  and  to  the  chemistry  speci- 
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fied,  will  show  entire  freedom  from  brittleness  under  an  impact- 
test  made  by  their  drop-test  machine,  if  measured  by  the  ability 
of  the  rails  of  various  weights  to  withstand  one  blow,  equiva- 
lent to  the  foot-pounds  contained  in  Table  III.  Since  a  rail,  if 
brittle,  will  fail  on  the  first  blow,  a  continuance  of  the  testing, 
as  well  as  a  specified  range  of  deflection  between  narrow  limits, 
seems  unnecessary. 

The  drop-test  is  a  check  on  brittleness ;  the  fact  that  a  rail  of 
a  certain  section  as  delivered  from  an  American  mill  will  not 
show  as  much  deflection  as  a  similar  rail  of  British  make,  is  not 
proof  that  the  American  rail  will  prove  less  safe,  and  as  far  as 
resistance  to  wear  is  concerned,  there  is  no  evidence  that,  under 
like  conditions,  the  American  rail  is  giving  an  inferior  service ; 
in  fact,  there  are  indications  that  the  stifl'er  rail  is  not  unsafe 
and  gives  better  wear  than  the  softer  rail  which  showed,  when 
inspected  at  the  mill,  a  greater  deflection  under  impact.  Fur- 
thermore, the  stifl'er  rail  insures  a  longer  life  to  the  rolling- 
stock. 

Deflections  are  therefore  omitted  in  the  proposed  standard 
specifications  appended  to  this  paper. 

2.    Tensile  Test. 

This  requirement  is  so  frequently  found  in  foreign  rail-speci- 
fications, that  its  actual  value,  as  well  as  the  difliculties  encoun- 
tered in  applying  it  to  American  practice,  to  the  extent  that  it 
is  usually  specifled,  will  be  discussed  somewhat  in  detail. 

(«)  American  Specifications. — Xone  of  the  American  rail-speci- 
fications include  a  specified  tensile  strength,  elongation  or  con- 
traction of  area,  because  the  data  thus  accumulated  are  not 
•considered  of  any  practical  value  to  the  purchaser. 

(6)  Foreign  Specifications. — As  a  result,  the  American  rail- 
mills  are  not  especially  equipped  rapidly  to  machine  tensile 
specimens  from  the  rails  and  determine  promptly  the  tensile 
strength  and  elongation.  They  therefore  object,  in  general, 
to  any  tensile  requirements,  and  especially  to  specifications  in 
which  a  tensile  test  is  required  so  frequently  as  to  render  it 
impossible  to  keep  the  testing  up  to  their  tonnage  output,  no 
matter  how  well  they  might  equip  themselves  to  meet  this  re- 
quirement, found  only  in  foreign  rail-specifications. 

It  is  not  just  to  the  manufacturer  to  require  him  to  furnish 
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rails  within  certain  limits  in  tensile  strength,  elongation  and, 
sometimes,  reduction  of  area,  when  the  specification  also  re- 
quires the  steel  to  be  within  a  certain  range  in  carbon  and  man- 
ganese, and  of  a  certain  limit  in  silicon,  and  when  the  maker 
willingly  furnishes  prompt  determinations  of  carbon  and  man- 
ganese in  every  heat  of  steel  rolled  into  rails,  and  also  meets  a 
specified  drop-test. 

(c)  Test-Pieces  are  not  Representative. — The  actual  value  of 
this  requirement  is  doubtful,  because  the  tensile  specimen,  at 
the  best,  but  imperfectly  represents  the  strength  of  the  steel  in 
the  rail  selected  for  test ;  furthermore,  no  data  have  been  pre- 
sented proving  that  the  results  obtained  on  tensile  specimens, 
as  cut  from  rails,  bear  any  relation  to  the  wear  of  the  rails  in 
service. 

{d)  Specified  Tensile  Strength  is  Affected  hy  the  Section. — With 
the  same  specified  range  in  chemical  composition  for  rails 
weighing  20  lb.  to  the  yd.  and  those  of  100  lb.  to  the  yd.,  it  is 
manifestly  inconsistent  to  require  the  steel  to  come  within  the 
same  limits  in  tensile  strength  and  meet  the  same  minimum 
elongation,  and  thus  take  no  cognizance  of  the  more  rapid 
cooling  of  the  lighter  sections. 

Table  IV.  gives  examples  of  foreign  rail-specifications  where 
the  same  tensile  strength  and  elongation  are  required  for  a  wide 
range  of  sections.  The  injustice  of  this  disregard  of  the  effect 
of  the  section  is  emphasized  when,  as  noted,  these  same  speci- 
fications permit  the  rejection  of  all  the  rails  of  a  blow,  if  the 
tensile  tests  from  one  to  three  rails  fail  to  meet  the  require- 
ments. 

(e)  Specified  Tensile  Strength  is  Often  Inconsistent  with  Specified 
Chemistry. — It  has  been  stated  above,  that  it  is  not  just  to  hold 
the  manufacturer  to  a  specified  chemistry,  and  in  addition 
require  him  to  meet  definite  limits  in  tensile  strength,  elonga- 
tion and  contraction  of  area.  In  some  foreign  rail-specifications 
this  injustice  is,  if  possible,  emphasized  by  the  engineer  requir- 
ing physical  properties  which  cannot  be  met  at  all,  if  the  manu- 
facturer adheres  to  the  specified  chemistry.  The  required 
elongation  is  often  too  high  for  even  the  minimum  tensile 
strength  specified,  to  say  nothing  of  the  maximum  tensile 
strength,  which  should,  in  no  event,  be  included  in  rail-specifi- 
cations. 
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Table  IV. — Quotations  from  Foreign  Mail-Sjyecijications  in  lohich 

the  Same  Tensile  Strength  and  Elongation  are  Specified 

Independent  of  the  Weight  of  the  Bail  Section. 


Weight  of 
Rail. 

Tensile  Strength,  Per  Sq.  In. 

Elongation. 

Failure  of  these  Tensile  Re- 
quirements Causes  Rejection. 

Pounds  Per 

Tons. 

Pounds. 

Per  Cent. 

Yard. 

90  to  116 

Not  less  than 

Not  less  than 

12  per  cent. 

One  rail  tested  from  each 

40 

89,600 

in  2  in. 

100  tons. 
On  failure  of  first  test,  a 
test  from  another  rail 
from  same  blow  is  al- 
lowed ;    if    this   latter 
test  fails,  all  the  rails 
of  the  blow  are  rejected 

60  to  100 

38  to  45 

85,120-100,800 

15  per  cent. in 
3  in.  or  2  in. 

Same  as  above. 

20  to  100 

40  to  48 

89,600-107,520 

15  per  cent,  in 
3  in.  or  2  in. 

One  rail  tested  from  each 
100  tons. 

On   failure  of    first  test, 
a  test  from   two  other 
rails  from  same  blow  is 
allowed  ;  if  two  of  the 
three  tests  fail,  all  the 
rails    of   the  blow  are 
rejected. 

65  to  100 

38  to  42 

85,120-94,080 

12  per  cent, 
in  2  in. 

Tests   made    on   one    or 
more  rails   from   each 
100  tons. 

55  to  88 

35.3  to  41.3 

78,227-92,450 

14  per  cent, 
in  7.87  in. 

One  half  of  1  per  cent,  of 
rails  are  tested.    If  the 
tested  rail  fails,  all  rails 
of  the  blow  are  rejected. 

In  compiling  Table  Y.,  which  shows  at  a  glance  the  various 
inconsistencies  above  referred  to,  only  the  range  in  carbon  was 
included,  since  in  the  specifications  quoted,  the  manganese 
limits  were  all  between  0.70  and  1.00  per  cent.,  and  the  re- 
quired silicon  0.10  per  cent,  or  under. 

Tensile  tests  should  be  entirely  eliminated  for  the  reasons 
already  given;  but  if  the  engineer  will  not  waive  them,  they 
should  at  least  be  consistent  with  the  chemistry  required,  and 
which  is  furnished  with  every  heat, — especially  when  the  fail- 
ure to  meet  the  specified  tensile  strength  and  elongation  is  in 
itself  a  cause  for  the  rejection  of  all  the  rails  of  the  blow  thus 
tested. 

(/)  Specified  Tensile  Strength  is  Often  Inconsistent  loith  Specified 
Elongation. — A  study  of  Table  V.  shows,  in  one  case,  that  for 
rail-steel  of  47.6  tons  (106,673  lb.)  minimum  tensile  strength, 
the  required  elongation  is  11  per  cent,  in  7.87  in.;  in  two  cases 
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Table  V. —  Comparisori  of  the  Chemical  and  Tensile  Requirements 
of  Some  Foreigyi  Rail- Specifications. 


Carbon 

Minimum  Requirements. 

Tensile  Strength  per 
Sq.  In. 

Elongation. 

Reduction  of 
Area. 

Per  Cent. 
0.30-0.35 

Tons. 

35 

38 

38       . 

40 

37 

38 

38 

40 

41.3 

37 

40 

40 

40 

43 

43 

47.6 

47.6 

40 

35.3 

30 

Pounds. 
78,400 
85,120 
85,120 
89,600 
82,880 
85,120 
85,120 
89,600 
92,450 
82,880 
89,600 
89,600 
89,600 
96,320 
96,320 
106,673 
106,673 
89,600 
78,227 
67,200 

Per  Cent. 
20  per  cent,  in  2  in. 
12  per  cent,  in  2  in. 
20  per  cent,  in  2  in. 
20  per  cent. 
20  per  cent,  in  2  in. 
15  per  cent,  in  3  in.  or  2  in. 
15  per  cent. 

15  per  cent,  in  3  in.  or  2  in. 
18  per  cent. 
15  per  cent,  in  3  in. 
20  per  cent,  in  2  in. 
20  per  cent,  in  2  in. 
20  per  cent. 
12  per  cent,  in  10  in. 
12  per  cent,  in  10  in. 

11  per  cent,  in  7.87  in. 
8  per  cent,  in  7.87  in. 

12  per  cent,  in  2  in. 

14  per  cent,  in  7.87  in. 
20  per  cent,  in  8  in. 

Per  Cent. 

0.35-0.42 

0.35-0.45 

0.35-0.45 

0.35-0.50 
0.35-0.50 

25 

0.35-0.50 

0.35-0.50 

0.35  Min. 

0.40-0.50 

0.40-0.50 

0.40-0.50 

0.40-0.50 

0.40-0.50 
0.40-0.50 
0.40-0.50 
0.40-0.50 
0.40-0.55 

20 
35 

20  to  30 
15  to  20 

0.40  Min. 

0.45-0.50 

where  the  minimum  tensile  is  43  tons  (96,320  lb.)  the  steel 
must  show  12  per  cent,  stretch  in  10  in.  With  the  shorter- 
gauged  length  of  2  in.,  a  number  of  specifications  require  20 
per  cent,  elongation  with  a  minimum  tensile  of  from  28  to  40 
tons  (85,120  to  89,600  lb.).  All  these  percentages  of  elongation 
are  too  high,  especially  as  in  one  case  the  allowable  range  in 
carbon  is  from  0.40  to  0.50  per  cent. 

{g)  Amount  of  Tensile  Testing  Required  is  Excessive. — In  some 
foreign  rail-specifications,  the  important  matter  of  the  number 
of  tensile  tests  required  is  left  in  doubt  by  such  expressions 
as  "  the  inspector  will  occasionally  test  the  rails  for  tensile 
strength,"  or  "  will  test  the  rails  for  tensile  strength  from  time 
to  time."  Usually,  however,  the  number  of  tensile  tests  is 
definitely  specified,  and  as  the  requirements  are  based  on  Eng- 
lish practice,  they  form  a  great  hardship  when  applied  to 
American  mills,  and  if  literally  carried  out  would  hold  back 
the  output  by  causing  a  serious  congestion  in  loading. 

The  American  mills  most  frequently  rolling  rails  for  export 
produce  from  1,800  to  2,200  tons  of  finished  rails  every  24  hr. 
Assuming  2,000  tons,  and  that  an  80-lb.   33-ft.  rail  is  being 
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rolled,  this  tonnage  is  equivalent  to  5,100  rails  per  24  lir.  On 
this  basis,  the  number  of  tensile  tests  required  from  American 
mills  per  day,  by  various  foreign  rail-specifications,  would  be  as 
follows : 

Table  VI. — Number  of  Tensile  Tests  in  Foreign  Bail- 
Specifications. 


Requirements  of  Foreign  Rail-Specifications. 

American  Output  Equivalent. 

"  One  from  each  100  tons." 

20  tensile  tests  per  day. 

"  One  from  every  250  rails." 

20  tensile  tests  per  day.' 

"  Three  every  250  rails." 

60  tensile  tests  per  day. 

"One   per    cent,    of    number   of    rails 

51  tensile  tests  per  day. 

rolled." 

"  Not  over  half  per  cent,  of  number  of 

Not  over  26  tensile  tests  per  day. 

rails  rolled." 

"Not  over  2  per  cent,  of  day's  rolling." 

Not  over  102  tensile  tests  per  day. 

"One  from  every  fifth  cast." 

20  to  40  tensile  tests  per  day. 

Bat  even  Table  VL  does  not  represent  the  amount  of  tensile 
testing  required  by  foreign  rail-specifications. 

Specifications  calling  for  a  test  from  "  one  rail  in  every  100 
tons,"  also  stipulate  that  the  engineer  can  require  the  manu- 
facturer to  prepare  extra  test-specimens,  for  independent  test, 
to  the  extent  of  "  two  for  every  200  tons  of  product,"  equiva- 
lent to  20  additional  test-specimens  per  day. 

Another  specification  requiring  that  "  one  or  more  rails  from 
each  100  tons  "  be  regularly  tested  for  tensile  strength,  also  de- 
mands that  tensile  specimens  must  be  prepared  and  tested 
"  from  every  rail  which  in  the  drop-test  fails  under  two  blows 
to  bend  through  an  angle  of  70  degrees." 

Another  specification,  requiring  that  a  tensile  test  be  cut 
'•  from  one  finished  rail,  to  the  extent  of  one  per  cent,  of  each 
day's  rolling"  (namely,  51  tests  per  day),  also  demands,  "in 
addition  to  the  tests  made  on  one  per  cent,  of  the  rails,  a  ten- 
sile test  is  to  be  made  from  crop-ends  representing  each  of  the 
remaining  charges." 

(A)  Conclusions. — It  has  been  said  that,  with  specified  carbon, 
manganese,  silicon  and  phosphorus,  and  also  a  drop-test,  it  is 
unreasonable  to  demand  tensile  tests  as  well ;  that  the  tensile 
strength,  as  determined  in  rails,  has  not  been  proved  to  bear 
any  relation  to  the  wear  of  the  rails  in  service ;  that  it  is  af- 
fected by  the  section ;  that,  as  specified,  it  is  often  inconsistent 
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with  the  required  chemistry  and  elongation ;  and  that  the 
number  of  tests  demanded  is  very  excessive.  It  is  worthy  of 
note  that  the  three  British  standard  rail-specifications,  while 
specifying  tensile  tests,  leave  the  enforcement  of  this  require- 
ment optional  with  the  engineer. 

For  the  reasons  above  given,  and  also  because  this  test  is 
often  not  actually  required  to  the  extent  specified,  it  has  been 
entirely  omitted  in  the  proposed  standard  rail-specification 
appended  to  this  paper. 

3.  Dead-Weight  Test. 

(a)  American  Specifications. — None  of  the  American  rail-speci- 
fications include  a  static  test.  This  test,  like  the  tensile  test 
just  discussed,  is,  in  American  practice,  also  considered  as  an 
unnecessary  check  on  the  product,  when  chemical  composition 
and  a  drop-test  are  specified. 

(6)  foreign  Specifications. — This  transverse  test  under  static 
load  is  still  found  in  many  foreign  rail-specifications.  It  has 
been  omitted  in  the  three  recent  British  standard  rail-specifica- 
tions, and  is  also  not  now  included  in  the  rail-specifications  of 
a  number  of  noted  British  engineers. 

The  test  may  be  divided  into  two  classes : 

1.  The  test  confined  to  subjecting  the  rail,  laid  on  roller-sup- 
ports a  specified  distance  apart,  to  a  specified  load  for  a  stated 
time,  said  load  (from  12  to  28  gross  tons)  being  within  the  elas- 
tic limit  of  the  steel.  After  this  load  has  been  applied  for  a 
given  length  of  time  (5,  15  or  30  min.),  the  deflection  is  meas- 
ured, and  it  is  specified  that  this  deflection  shall  not  exceed  a 
certain  amount  (usually  between  the  limits  of  from  ^^  to  J  in.), 
and  that,  after  the  removal  of  the  load,  no  permanent  set  shall 
have  taken  place. 

2.  A  continuance  of  the  above  test,  consisting,  after  the  de- 
flection due  to  the  first  application  of  the  load  has  been  meas- 
ured, in  an  increase  of  the  load,  by  regular  increments,  up  to 
usually  twice  the  original  load;  the  rail  must  have  then  de- 
flected between  1  and  2  in.,  and,  on  removal  of  the  load,  the 
permanent  set  must  not  be  more  than  If  in. 

Studying  foreign  rail-specifications  with  reference  to  the  first 
method,  where  the  specified  load  is  below  the  elastic  limit,  the 
fact  that  the  deflection  is  largely  a  factor  of  the  section  seems. 
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in  some  cases,  not  to  have  been  given  due  consideration.  For 
example,  while  a  load  of  12  tons  with  3  ft.  between  supports 
is  specified  for  "  T  "  rails  weighing  43,  45,  46  and  50  lb.  per 
yd.,  yet  this  same  load  is  specified  for  73-  and  85-pound  "  T  " 
rails,  the  only  dift'erence  being  5  ft.  between  supports.  In 
three  specifications  the  specified  loads  for  60-lb.  "  T  "  rails  are 
15,  16  and  21  tons,  with  3  ft.  6  in.  between  supports  in  each 
case.  With  3  ft.  between  supports  in  both  cases,  the  load  for 
a  70-lb.  "  T  "  rail  is  in  one  case  22  tons,  whereas  in  the  other 
only  a  23-ton  load  is  required  for  a  90-lb.  bull-head  rail.  In 
one  case,  with  an  80-lb.  "  T  "  rail  the  required  load  is  24  tons 
with  4  ft.  between  supports,  whereas  with  3  ft.  between  sup- 
ports, a  90-lb.  bull-head  rail  is  tested  with  a  23-ton  load. 

In  two  specifications,  with  the  same  chemistry,  the  same  dis- 
tance between  supports  and  the  same  maximum  deflection  of 
f  in.,  the  specified  load  for  a  60-lb.  "  T  "  rail  4  in.  in  height  is 
16  tons,  as  compared  with  a  28-ton  load  for  a  75-lb.  bull-head 
rail  5  in.  in  height.  There  is  another  criticism  that  is  perti- 
nent— namely,  that  after  requiring  the  manufacturer  to  put  a 
piece  of  rail  under  a  load  below  its  elastic  limit,  there  is  often 
no  mention  as  to  the  amount  of  deflection  required ;  the  length 
of  time  which  the  rail  shall  remain  under  test  is  also  some- 
times omitted. 

The  chief  objection  to  the  second  class  of  dead-weight  tests, 
where  the  loading  is  gradually  brought  up  to  double  the  ini- 
tial load,  is  the  length  of  time  occupied  in  properly  making  the 
test. 

(e)  Number  of  Tests  Specified. — The  inconsistencies  above 
noted  in  the  dead- weight  test,  and  the  doubt,  owing  to  the  fre- 
quent omission  of  important  details,  as  to  exactly  how  the  in- 
spector will  require  the  test  to  be  made,  make  this  requirement 
an  uncertain  factor  in  the  cost  of  manufacture,  and  an  impor- 
tant item  in  the  cost,  should  the  inspector  carry  out  the  num- 
ber of  tests  actually  specifled,  particularly  since,  in  the  majority 
of  cases,  it  is  specified  that  a  failure  to  meet  the  requitements 
of  the  dead-weight  test  results,  in  itself,  in  the  rejection  of  the 
blow  represented  by  the  rail  tested.  It  is  often  specified  that 
the  test  shall  be  made  on  a  full-length  rail,  or  a  piece  from  10 
to  12  ft.  long;  in  this  case,  the  test  cannot  be  obtained  until 
after  straightening,  which  leaves  but  little  time  for  the  actual 
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test,  before  the  rails  of  the  cast  are  drilled  and  read}'  to  load. 
As  to  the  number  of  dead-weight  tests  specified,  as  an  actual 
check  on  the  output,  the  same  remarks  as  made  on  pp.  596—7 
apply  to  the  impracticability  of  such  clauses  as  "  one  rail  from 
every  blow;"  "one  rail  out  of  every  100;"  "one  rail  out  of 
every  500;"  "one  per  cent,  of  the  number  of  rails  rolled  per 
day;"  "  at  least  three  rails  out  of  every  250." 

It  can  be  positively  affirmed  that  it  is  utterly  impossible, 
with  the  output  of  American  mills,  to  have  a  dead-weight  test 
applied  as  a  regular  check  on  the  stiffness  or  hardness  of  a 
percentage  proportion  of  the  output.  If  it  is  not  so  applied, 
it  should  not  be  included  in  the  tests  which,  on  failure,  cause 
rejection.  If  it  is  not  classed  with  'tests  causing  rejection,  it 
seems  useless  to  make  it  at  all,  although,  of  course,  the  manu- 
facturer should  have  no  objection  to  making  a  few  tests  on 
each  day's  output  to  show  that  the  rails  will  stand  a  certain 
specified  weight  without  permanent  set ;  but  continued  tests  to 
be  within  certain  deflection-limits  should  be  waived. 

In  the  specifications  proposed  as  a  standard  and  appended  to 
this  paper  the  dead-weight  test  has  been  omitted. 

4.  Bendmg-Test. 

(a)  American  Specifications. — One  or  two  American  rail-speci- 
fications include  a  bending-test  on  bars  rolled  or  forged  from  small 
test-ingots  cast  while  teeming  the  heat.  In  practice,  this  test 
is  not  required. 

(6)  Foreign  Specifications. — In  some  foreign  rail-specifications 
certain  bending-tests  are  given  sufficient  prominence  to  be  a 
ground  for  rejection  of  the  blow  of  steel  if  failure  occurs,  and 
they  must,  therefore,  be  duly  considered  in  a  critical  review  of 
foreign  requirements,  made  with  reference  to  establishing  a 
standard  rail-specification,  including  all  necessary  checks  on 
the  product,  and  under  which  satisfactory  rails  for  export  can 
be  furnished  from  American  mills. 

In  some  cases,  it  is  suggested  that  a  small  ingot  be  cast  from 
metal  taken  by  a  hand-ladle  from  the  stream  during  the  opera- 
tion of  filling  the  first  ingot-mold  and  similarly  from  the  last 
mold  when  tapping  the  ladle  into  some  6  or  8  ingots,  which  en- 
tire operation  occupies  in  all  only  from  7  to  12  min.  It  is  re- 
quired that  these  small  ingots,  2.5  by  2.5  in.,  or  3  by  3  in.  by  4 
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or  6  in.  long,  be  rolled  or  forged  into  0.5-in.  sq.  bars.  A  piece 
of  this  bar  about  12  in.  long  is  required  to  bend  cold  90°  with- 
out fracture.  The  practical  value  of  such  a  test  is  not  worth 
the  trouble  taken  in  making  it.  It  originated  before  the  pres- 
ent rapid  and  accurate  methods  for  the  determination  of  the 
carbon  and  manganese  were  perfected,  and  these  more  accurate 
checks,  which  are  willingly  reported  on  each  heat  as  blown, 
should  now  be  substituted. 

In  some  foreign  rail-specilieations  bending-tests  are  required 
on  pieces  cut  from  rails.  In  one  case  "  one  rail  in  every  100 
tons  must  be  bent  sideways,  by  pressure,  to  a  curvature  of  10  ft. 
radius  without  any  sign  of  fracture  " ;  in  another,  "  a  short 
piece  shall  be  bent  by  hammering  cold  to  an  angle  of  95°  with 
an  internal  radius  of  curvature  of  not  more  than  3  in.  without 
showing  fracture  "  ;  in  another,  the  "  piece  of  rail  being  placed 
flat  must  bend  cold  on  a  radius  of  75  meters  (246  ft.)  without 
showing  any  crack  " ;  in  another,  "  one  rail  from  each  100  tons 
must  bend  sideways,  by  pressure,  to  a  curve  of  30  ft.  radius 
without  cracking." 

The  British  "  Standards  Committee"  includes  a  full  size  bend- 
ing-test  for  heavy  tramway  rails,  but  then  leaves  it  optional  with 
the  engineer,  and  omits  the  test  altogether  from  the  standard 
specifications  for  bull-head  and  flat-bottomed  rails. 

To  make  these  full-sized  bending-tests  requires  heavy  hydrau- 
lic presses;  to  make  them  a  frequent  check,  which,  on  failure, 
rejects  a  proportion  of  the  product,  is  impracticable  in  American 
practice.  The  specified  drop-test  and  chemistry  are  a  suflicient 
check  on  toughness. 

For  the  above  reasons,  bending-tests  on  small  pieces  and  on 

rails  are  omitted  in  the  proposed  standard  specifications  added 

to  this  paper. 

V.  Section. 

1.  American  Specifications. 

In  1881,  A.  L.  Holley  reported  that  American  rail-mills  had 
188  diflerent  sections  that  were  considered  as  standards,  and 
that,  of  these,  119  patterns  of  27  diflerent  weights  per  yd.  were 
regularly  manufactured.  In  1893,  a  special  committee  of  the 
American  Society  of  Civil  Engineers  recommended  for  adoption 
standard  "T"  sections  for  12  diflerent  weights  of  rail,  varying 
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by  5  lb.,  from  40  to  100  lb.  per  yd.  In  February,  1906,  their 
Eail  Committee  reported  on  statistics  received  from  eight  of  the 
nine  rail-mills  in  the  United  States,  showing  that,  on  an  average, 
for  the  year  ending  June  30,  1905,  more  than  80  per  cent,  of 
their  total  output  was  rolled  to  what  have  now  become  popularly 
known  as  the  "  A.  S.  C.  E.  rail-sections." 

These  conditions  have  naturally  simplified  the  clauses  in 
American  specifications  covering  the  actual  approval  of  tem- 
plets, and  none  of  the  American  specifications  require  the  engi- 
neer's approval  of  a  sample-piece  of  rail  before  rolling.  It  is 
the  uniform  practice  in  America  to  allow  a  variation  of  -^j  in. 
less  and  J^  greater  than  the  specified  height,  and  almost  all 
specifications  contain  a  clause  reading  that  "  unless  otherwise 
specified,  the  section  of  rail  shall  be  the  American  Standard, 
recommended  by  the  American  Society  of  Civil  Engineers,  and 
shall  conform,  as  accurately  as  possible,  to  the  templet  furnished 
by  the  railroad  company,  consistent  with  the  paragraph  relative 
to  specified  weight."  This  latter  provides  that  the  weight  of 
the  rails  shall  be  maintained  as  nearly  as  possible  after  comply- 
ing with  the  paragraph  relative  to  allowable  variation  from  tem- 
plet; a  tolerance  of  0.5  per  cent,  in  weight  being  allowed  on  an 
entire  order. 

In  actual  practice,  these  requirements  have  been  found  a  sufii- 
cient  check  to  prevent  any  complaint  from  the  purchaser.  Usu- 
ally not  more  than  6,000  tons  of  rails  are  rolled  without  dressing 
rolls,  and  one  rail  every  hour  is  weighed  to  maintain  uniformity 
in  the  product. 

2.  Foreign  Specificatio?is. 

(a)  Templets. — It  is  specified  that  the  manufacturer  shall  pre- 
pare and  submit  for  approval,  templets  of  both  rail  and  fish-plates, 
and  in  some  cases  stud-  and  plug-gauges  to  check  accuracy  in 
drilling;  later  he  must  supply  one  or  two  full  sets  of  templets, 
engraved  as  specified. 

On  export  orders,  American  mills  should  comply  with  all 
reasonable  requests  in  this  regard.  The  duplicate  templets  for 
record  are  made  of  German  silver  or  brass,  and  engraved  as 
specified. 

(6)  Sample  Piece  of  Rail. — The  British  standard  specifications 
omit  the  requirement  contained  in  some  foreign  specifications 
that  even  after  the  approval  of  templets  the  manufacturer  must 
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submit  short  lengths  of  rail,  prepared  under  ordinary  conditions, 
with  bolt-holes  in  position  for  a  complete  fish-joint;  the  rolling 
not  to  proceed  until  the  engineer  has  given  written  notification 
of  his  approval  of  the  sample-section  of  rail.  It  is  unnecessary, 
after  approval  of  templets,  to  require  the  mill  to  put  in  the  rolls 
to  furnish  short  sample-pieces  before  proceeding  to  fill  the  order, 
but  after  the  rolling  is  regularly  under  way,  these  sample-pieces, 
fitted  with  splice-bars  and  bolts  complete,  should  be  willingly 
furnished  if  desired. 

(c)  Alloioahle  Variation  from  Templet. — While  properly  insist- 
ing that  the  section  shall  be  accurate  to  the  approved  templet 
throughout  the  rolling,  some  foreign  specifications  do  not  make 
provision  for  the  unavoidable  wear  of  the  rolls,  American  mills 
agree  to  maintain  a  perfect  fit  of  the  splice-bars  at  all  times,  but 
require  the  variations  in  height  above  mentioned,  which  is  now 
the  standard  American  practice. 

VI.  Weight. 

1.  American  Specifications. 

The  uniform  practice  as  to  tolerance  in  section  is  naturally 
followed  up  in  American  specifications  by  a  uniform  tolerance 
in  weight,  the  allowable  variation  in  all  specifications  being  0.5 
per  cent,  on  the  entire  order.  Some  variation  from  theoretical 
weight  is  unavoidable,  and  after  limiting  this  variation  in  section 
and  in  weight  to  what  is  considered  good  standard  practice,  all 
American  specifications  then  allow  the  rails  to  be  accepted  and 
paid  for  according  to  actual  weights. 

In  practice  there  is  no  complaint  from  this  logical  method  of 
billing  rails.  The  mill  weighs  one  rail  every  hr.,  which  is  the 
best  and  quickest  method  of  keeping  the  product  uniform. 

2.  Foreign  Specifications. 

The  tolerances  in  weight  specified  by  difierent  foreign  engi- 
neers are  far  from  uniform  ;  in  some  cases  less  and  in  some  more 
leeway  is  given  than  necessary  in  good  standard  practice.  Some 
sections  are  more  difiicult  to  roll  than  others.  It  is  certainly 
unfair  to  bill  rails  on  theoretical  weights,  or  on  the  basis  of  the 
average  of  actual  weights  of  a  small  percentage  of  each  day's 
rolling;  this  necessitates  considerable  re-handling  of  finished 
rails,  to  no  practical  advantage. 
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VII.  Length. 

1.  American  Specifications. 

Requirements  and  practice  are  uniform  in  recognizing  as  a 
standard  either  a  30-  or  33-ft.  rail.  All  specifications  permit 
the  maker  to  deliver  shorter  rails  to  an  amount  equal,  if  neces- 
sary, to  10  per  cent,  of  the  entire  order,  but  these  rails  must  be 
cut,  in  even  feet,  down  to  either  24  or  27  ft. 

A  variation  of  0.25  in.  longer  or  shorter  than  standard  length 
is  uniformly  allowed. 

2.  Foreign  Specifications. 

There  are  a  number  of  lengths  defined  as  standard  in  dififer- 
ent  foreign  specifications.  Some  specifications  recognize  the 
justice  of  allowing  the  maker  to  furnish  some  rails  shorter  than 
standard,  but  leave  in  doubt  the  percentage-allowance  and  the 
variations  of  length.  Rails  ordered  cut  to  special  lengths,  for 
curves,  should  not  be  classed  as  short  rails.  If  a  large  number 
of  special  lengths  are  specified,  an  extra  charge  for  cold-sawing 
and  excess  of  scrap  should  be  expected.  Matters  such  as  these, 
having  a  direct  bearing  on  the  cost  of  manufacture,  should,  in 
justice  to  the  bidder,  be  distinctly,  defined. 

Specifications  allowing  only  ^  in.  above  or  below  a  standard 
length  of  40,  41  and  even  45  ft.,  which  can  be  met  only  by  cold- 
milling  the  rails,  seem  to  be  an  unnecessary  refinement,  and 
would  act  as  a  hardship  when  applied  to  the  output  of  Ameri- 
can mills,  whose  universal  practice  is  hot-sawing  rails  to  length. 

VIII.  Drilling. 

1.  American  Specifications. 

The  requirements  which  American  purchasers  of  rails  have 
found  sufiicient  to  obtain  a  satisfactory  drilling  of  rails  by  Amer- 
ican mills  are  described  in  almost  all  their  specifications  in 
these  words  :  "  Circular  holes  for  splice-bars  shall  be  drilled  in 
accordance  with  specifications  of  purchaser.  They  shall  be  ac- 
curate to  drawing  and  dimensions  furnished  in  every  respect, 
and  free  from  burrs." 
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2.  Foreign  Specifications. 

The  requirements  for  drilling  are  given  in  considerable  de- 
tail in  most  foreign  specifications.  In  some  cases  a  less  toler- 
ance is  allowed  than  J^  i'^-?  which  is  an  unnecessary  refinement 
and  cannot  be  regularly  met  in  practice.  American  mills  are 
specially  equipped  for  the  accurate  drilling  of  circular  holes, 
and  hence  object  to  the  oval  holes  still  occasionally  specified. 

IX.  Finish. 

1.  American  Specifications. 

Under  this  heading,  the  requirements  of  the  American  speci- 
fications now  in  use  are  that  the  rail  shall  be  finally  straight- 
ened when  cold ;  the  ends  square  and  clean,  burrs  removed  and 
the  finished  rail  smooth  on  head,  straight  and  free  from  injurious 
defects  and  flaws  of  all  kinds. 

2.  Foreign  Specifications. 

In  foreign  specifications,  the  operations  of  finishing  are  de- 
scribed more  in  detail,  and  all  the  defects  from  which  the  rail 
must  be  free  are  enumerated.  The  British  standard  specifica- 
tions devote  very  little  space  to  these  details,  but  probably  suf- 
ficiently cover  the  ground,  as  in  practice  each  rail  is  submitted 
to  a  careful  surface  inspection  both  by  the  manufacturer's  men 
and  by  the  representative  of  the  purchaser. 

X.  Branding. 

1.  American  Specifications. 

In  American  practice  all  branding  is  done  on  the  hot  rail. 
The  name  of  the  maker,  and  the  month  and  year  of  manufac- 
ture, are  rolled  in  raised  letters  on  the  web  of  each  rail. 

While  the  rail  is  still  hot,  the  blow-number  is  stamped  on  the 
web  at  least  twice,  and  far  enough  from  the  ends  to  insure  that 
the  numbering  can  be  seen  after  the  rail  is  in  track. 

It  is  customary  to  identify  "  Seconds,"  or  No.  2  rails,  and 
short  rails  and  those  of  special  length  by  painting  the  ends. 
The  standard  practice  in  America  is  to  use  white  paint  for  No. 
2  rails  and  green  paint  for  "  shorts." 
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2.  Foreign  Specifications. 

(a)  Data  to  be  Rolled  in  Raised  Letters  on  Wtb  of  Rail. — For- 
eign engineers  specify  considerable  data  to  be  rolled  in  relief  on 
the  web  of  each  rail.  Besides  the  maker's  name,  initials  or 
other  recognized  mark  and  the  month  and  year  of  rolling,  the 
initials  of  the  railroad  are  generally  desired,  and  sometimes  the 
weight  of  the  rail  per  yard. 

The  British  standard  specifications  also  require  a  special 
"  Brand  "  and  the  number  of  the  "  B.  S."  section  to  be  rolled 
on  the  web,  which  shall  show  that  the  rail  is  of  British  stand- 
ard section  and  made  under  the  conditions  of  their  specification. 
They  also  specify  that  the  process  by  which  the  rails  have  been 
made  shall  be  added,  and  recommend  the  following  abbrevia- 
tions : 

S.  A.  Siemens-Martin  Acid.       B.  A.  Bessemer  Acid. 
S.  B.  Siemens-Martin  Basic.      B.  B.   Bessemer  Basic. 

The  addition  of  the  word  "  steel "  required  by  some  engineers 
seems  superfluous,  as  iron  rails  now  in  track  can  be  recognized 
on  inspection,  and  practically  none  are  now  rolled.  In  the 
United  States  the  output  of  iron  rails  for  1905  was  318  tons, 
and  in  Great  Britain  practically  nil. 

The  requirement  that,  in  addition,  a  distinct  mark  shall  be 
rolled  on  the  web,  said  mark  to  be  chipped  off  all  rejected 
rails,  is  certainly  unnecessary,  since  it  is  perfectly  safe  to  rely 
on  the  integrity  of  the  rail-makers  not  to  attempt  to  ship  rails 
once  rejected  by  the  inspector. 

(b)  Marking  of  the  Blow-Number  on  Each  Rail. — The  majority 
of  foreign  specifications  require  one  or  both  ends  of  each  rail 
to  be  stamped  with  the  number  of  the  blow.  This  stamping, 
of  course,  must  be  done  cold,  and,  at  best,  will  not  be  very 
legible ;  furthermore,  the  number  cannot  be  seen  when  the  rail 
is  in  track.  The  foreign  engineer  will  gladly  modify  this  to 
suit  the  American  practice  of  mechanically  stamping  the  blow- 
number,  two  or  three  times,  on  the  web  of  the  hot  rail. 

(c)  Additional  Marking  and  Painting  of  Rails. — Foreign  speci- 
fications usually  stipulate  that  the  inspector  shall  brand  each 
rail  with  his  official  stamp.  This  the  American  mills  should 
allow,  but  in  view  of  their  output  of  5,100  rails  per  24  hr.,  the 
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inspector  should  arrange  to  do  this  branding  without  the  ne- 
cessity of  re-handling  all  the  rails  for  this  special  purpose. 

It  is  fair  to  specify  that  rejected  rails  shall  be  at  once  so 
marked  as  to  be  subsequently  identiiied  during  rolling,  but  they 
should  not  be  stenciled  with  the  word  "  rejected,"  or  otherwise 
branded  so  as  to  render  them  unsalable  to  other  parties,  should 
the  maker  so  desire.  The  stamping  of  the  length  on  each  rail 
should  be  waived,  as  it  retards  loading. 

The  identification,  by  paint  of  difi'erent  colors,  of  short  and 
special-length  rails,  is  usual  practice,  but  the  covering  of  the 
entire  rail  with  anti-corrosive  paint,  or  brushing  it  all  over  with 
boiling  linseed-oil,  are  requirements  which  so  seriously  retard 
the  automatic  loading-facilities  of  American  mills  that  they  de- 
sire to  have  this  requirement  waived,  even  if  it  can  be  classed 

as  an  extra. 

XI.  Inspection. 

1.  American  Specifications. 

The  defining  of  the  relations  between  the  maker  and  the  in- 
spector occupies  very  little  space  in  American  rail-specifications. 

Representatives  of  the  purchaser  are  given  free  entry  to  the 
works  and  all  the  help  they  ask  for ;  the  maker  gives  due  no- 
tice when  rolling  will  begin,  and  he  knows  that  any  disputes 
arising  will  be  at  once  settled  on  their  merits,  that  all  tests  and 
inspection  will  be  made  at  the  mills,  and  that  there  will  be  no 
serious  delays  in  his  shipment  of  the  accepted  rails. 

2.  Foreign  Specifications. 

The  requirements  of  inspection  found  in  different  parts  of 
foreign  specifications  are  given  in  such  detail  that,  by  the  fol- 
lowing subdivisions,  they  can  be  more  conveniently  discussed : 

(a)  Prior  Notice  of  Rolling. — This  requirement  is  always  com- 
plied with  by  the  rail  maker,  but  in  return  he  should  be  given 
permission  to  proceed  at  the  time  designated,  if  the  inspector 
is  not  present. 

(6)  Free  Access  to  the  ^Vorks. — This  privilege  is  always  ac- 
corded, but  foreign  engineers  are  unnecessarily  explicit  in  in- 
suring that  their  representative  shall  be  given  all  the  tools, 
testing-appliances,  gauges,  templets,  etc.,  required,  and  that  all 
necessary  labor  and  assistance  shall  be  furnished  to  enable  the 
VOL.  XXXVII. — 38 
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inspector  to  fulfill  his  duties.  American  mills  are  noted  for 
their  willingness  to  furnish,  free  of  cost,  every  facility  neces- 
sary for  inspection  ;  but  in  return,  they  have  a  right  to  ask  that 
the  inspection  shall  be  intelligently  carried  out,  that  decisions 
shall  be  promptly  made,  and  that  they  shall  be  assured  that  no 
serious  delays  in  manufacturing-operations  shall  occur  during 
rolling,  due  to  the  absence  of  the  inspector  or  his  inability  to 
follow  up  to  his  satisfaction  all  the  requirements  of  the  speci- 
fication. 

(c)  Cost  of  Inspectio7i,  Analyses  a7id  Tests  to  he  Borne  hy  the 
3Ianufacturer. — The  requirement  that  the  maker  shall  pay  all 
costs  connected  with  whatever  chemical  analyses  or  physical 
tests  by  independent  laboratories  the  inspector  may  demand, 
leaves  an  item  of  the  cost  of  manufacture  in  considerable  doubt. 
American  mills  object  to  any  testing  by  independent  labora- 
tories and  the  rejection  on  their  results,  without  appeal,  in  part 
because  the  laboratories  are  so  far  distant,  and  also  because  the 
samples  sent  may  not  be  representative,  and  in  some  cases 
the  results  may  be  inaccurate.  When  checks  by  outside  parties 
are  demanded  the  purchaser  should  pay  the  costs. 

(d)  Bails  after  Inspection  by  3Ianufacturer  to  he  Sorted  into 
Lots  Brior  to  Inspection  hy  the  Engineer. — The  provisions  of  for- 
eign specifications,  requiring  that  after  the  mill-inspection  the 
finished  rails  shall  be  "  sorted  into  lots,"  usually  of  uniform 
length,  before  examination  by  the  representative  of  the  pur- 
chaser, cannot  be  lived  up  to  in  American  mills.  Ample  op- 
portunity for  a  thorough  inspection  of  the  finished  rail  is  given, 
but  the  re-handling  necessary  to  comply  with  the  above  provi- 
sion is  impracticable  and  should  be  waived. 

(e)  Disposition  of  Bejected  Bails. — The  requirements  that  "re- 
jected rails  shall  be  stacked  and  kept  apart  until  completion  of 
contract"  and  that  "no  rejected  rails  shall  be  sold  or  consigned 
to  scrap  until  the  completion  of  the  contract  "  are  entirely  un- 
reasonable, especially  when  the  contract  is,  for  any  reason,  not 
completed  at  one  continuous  rolling. 

(/)  A^  Aypeal  from  Engineers  Decision. — The  foreign  en- 
gineer's "  written  certificate  "  is  necessary  before  any  portion 
of  the  rails  can  be  considered  as  a  delivery  on  the  contract ;  but 
even  this  certificate  does  not  relieve  the  contractor  from  respon- 
sibility for  replacement,  and  it  is  not  obligatory  on  the  pur- 
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chaser  to  allow  an}-  extension  of  time  in  which  to  deliver  sub- 
stituted material.  Some  speciiications  delegate  "  full  power  to 
the  inspector  to  reject,  without  appeal,"  all  or  any  part  of  the 
rolling  which,  in  his  opinion,  does  not  comply  with  the  speci- 
fication, or  which  is  in  any  way  defective ;  others  state  that  in 
case  of  dispute,  "  the  engineer's  decision  shall  be  final  and  bind- 
ing " ;  another  specification,  after  stating  that  the  material  shall 
be  made  in  accordance  with  its  requirements,  also  prescribes 
that  the  manufacture  shall  be  "  under  the  control,  direction 
and  supervision  of  the  inspector,  whose  instructions  on  all 
points  relating  to  the  nature  and  quality  of  materials  used  and 
workmanship  executed  are  to  be  received  and  acted  on  by  the 
makers." 

While  fully  recognizing  the  purchaser's  rights,  as  welj  as 
those  assumed  by  his  engineer,  no  manufacturer  should  enter 
into  a  contract  if  he  felt  that  such  clauses  as  the  above  were  to 
be  interpreted  literally.  The  British  standard  specifications 
contain  no  such  requirements. 

{g)  Final  Accepiance  of  Rails  at  Port  of  Delivery. — To  require 
that  the  final  acceptance  of  rails  shall  be  at  the  port  of  delivery 
is  not  a  businesslike  proposition;  no  maker  of  rails  should  be 
required  to  guarantee  "  to  deliver  said  rails  in  perfectly  good 
order  and  condition  at  the  places  of  destination." 

(A)  Rejections  may  he  Made  After  Delivery. — Some  foreign  en- 
gineers specify  that,  even  after  the  rails  have  been  passed  at 
the  mills  and  paid  for,  the  maker  must  remove  and  replace  any 
rails  found  defective  by  an  inspection  and  testing  instituted 
after  delivery;  it  is  also  sometimes  specified  that  the  rails  must 
be  guaranteed  for  a  stated  period,  two,  five,  or,  in  one  case,  ten 
years,  after  having  been  put  in  track. 

While  it  may  be  assumed  that  American  makers  stand  ready 
to  adjust  any  complaint  provins  that  they  have  furnished  defec- 
tive material,  they  would  naturally  be  unwilling  to  guarantee 
service  for  a  certain  period,  because  the  distant  port  at  which 
the  rails  may  be  delivered  makes  an  investigation  difficult,  and 
it  is  unreasonable  to  expect  them  to  replace  rails,  unless  the 
failure  in  service  is  unquestionably  the  fault  of  the  maker,  a 
question  that  can  be  fairly  determined  only  by  representatives 
of  both  sides. 

A  recent  committee  of  railroad  eno-ineers  was  excused  from 
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drawing  conclusions  on  statistics  received  as  to  the  life  of  rails, 
on  making  the  following  concise  and  truthful  report :  "  The 
life  of  rails  is  afltected  by  many  conditions,  such  as  alignment, 
profile,  density  of  traffic  and  speed  of  trains." 

XII.  Seconds,  or  No.  2  Rails. 

1,  American  Specifications. 

The  inspection  of  the  "  finish  "  of  a  rail  is  rigid ;  as  already 
noted  under  this  heading,  the  rail  must  be  free  from  injurious 
defects  and  flaws  of  all  kinds.  As  it  is  impossible  to  make 
every  rail  perfect,  the  definition  of  what  shall  constitute  "  sec- 
onds," or  "i^o.  2  rails,"  has  been  incorporated  in  American 
specifications,  and  it  has  become  usual  practice  for  purchasers 
to  accept  these  rails  for  use  in  the  main  track  at  stations,  in 
sidings  and  in  yards,  at  a  less  price  and  in  amount  up  to  5  per 
cent.,  and  in  the  very  heavy  sections  10  per  cent.,  in  addition  to 
the  tonnage  ordered.  These  rails  are  carefully  identified  by 
white  paint  on  each  end. 

The  standard  definition  of  "  seconds,"  or  "  ISTo.  2  rails,"  found 

in  American  specifications  is  as  follows  :    "  Rails  which  possess 

any  injurious  physical  defects,  or  for  any  other  cause,  are  not 

suitable  for  first  quality,  or  No.  1  rails,  shall  be  considered  No. 

2  rails." 

2.  Foreign  Specifications. 

No  reference  to  "  seconds,"  or  "  No.  2  rails,"  is  found  in  for- 
eign specifications.  American  railroads  have  found  it  to  their 
advantage  to  use  these  cheaper  rails  for  the  purposes  mentioned, 
and  a  clause  covering  their  inspection  has  therefore  been  in- 
serted in  the  proposed  standard  specification  appended  to  this 
paper. 

XIII.  Proposed    Standard    Specification    to    Govern    the 
Manufacture,  in  American  Mills,  of  Steel  Rails 
FOR  Export. 
In  the  following  specification,  proposed  as  a  standard  to  gov- 
ern the  rolling  of  American  rails  for  export,  an  effort  has  been 
made  to  avoid  ambiguity,  to  bring  related   requirements  to- 
gether under  one  heading,  to  make  them  definite  and  concise, 
but  to  leave  the  specification  flexible  enough  to  allow  an  Intel- 
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ligent  inspector  to  use  his  discretion  in  doubtful  cases  without 
jeopardizing  the  duty  he  owes  to  the  purchaser ;  it  provides 
that  his  decision  shall  be  prompt,  so  as  not  to  hamper  unneces- 
sarily the  manufacturing-operations  when  the  maker,  in  good 
faith,  has  agreed,  in  signing  the  contract,  strictly  to  live  up  to 
the  conditions  required. 

1.  Process  of  Manufacture. 
(«)  The  steel  shall  be  of  the  best  Cjuality  and  made  by  the 
Bessemer  or  the  Siemens-Martin  process. 

(b)  The  materials  used  and  the  entire  process  of  manufacture 
and  testing  shall  be  in  strict  accordance  with  the  best  standard 
current  practice,  and  special  care  shall  be  taken  to  conform  to 
the  following  instructions. 

(c)  iSTo  cracked  or  badly-patched  molds  shall  be  used,  and  the 
ingots  shall  be  kept  in  a  vertical  position  in  the  pit  heating-fur- 
naces until  ready  to  be  rolled,  or  until  the  metal  in  the  interior 
has  had  time  to  solidify. 

{d)  No  "  bled "  ingots  shall  be  used,  and  no  ingots  from 
"  chilled  "  heats  rolled  into  first-quality  rails.  A  "  bled  "  ingot 
is  one  from  the  center  of  which  liquid  steel  has  escaped.  A 
"  chilled "  heat  is  one  which,  because  of  the  cooling  of  the 
steel,  has  to  be  either  pricked  or  poured  over  the  top  of  the 
ladle. 

(e)  Sufficient  material  shall  be  discarded  or  "  cropped"  from 
the  top  of  all  ingots,  to  insure  sound  rails. 

(/)  Under  no  circumstances  shall  an  ingot  or  rail-bloom  be 
heated  so  high  that  the  cinder  on  it  runs,  when  being  drawn 
from  the  soaking-pit,  or  heating-furnace.  The  ingots  or  blooms 
must  be  evenly  heated  throughout  their  length,  drawn  at  a 
uniform  temperature,  and  a  uniform  finishing-temperature  also 
maintained. 

2.  Chemical  Composition. 

Rails  of  the  various  weights  per  yard  specified  below  shall 
conform  to  the  limits  in  chemical  composition  shown  in  Table 

vn. 

3.  Chemical  Analyses. 

The  manufacturer  shall  make  and  furnish  to  the  representa- 
tive of  the  engineer  (or  of  the  purchaser),  before  the  rails  rolled 
on  each  turn  are  ready  for  shipment,  determinations  of  carbon 


612 


AMERICAN    AND    FOREIGN    RAIL-SPECIFICATIONS. 


Table  VII. —  Chemical  Composition. 


-n  t-^  rn  T  K     '    Over  60  to  70      Over  70  to  80       Over  80  to  90     Over  90  to  100 
oO  to  60  Lb.     I  Lb.  Lb.  i  Lb.  ,  Lb. 

Per  Cent.      I      Per  Cent.  Per  Cent.      i       Per  Cent,      i      Per  Cent. 

Carbon 0.30-0.50         0.35-0.45         0.35-0.45         0.40-0.50         0.40-0.50 

Manganese..    ^0.75-0.95         0.75-0.95         0.75-0.95         0.80-1.00         0.80-1.00 

Silicon Not  over  0.10  Not  over  0.10  Not  over  0.10  Not  over  0.10  Not  over  0.10 

Phosphorus  Not  over  0.10  Not  over  0.10  Not  over  0.10  Not  over  0.10  Not  over  0.10 
Sulphur Not  over  0.07  Not  over  0.07  Not  over  0.07  Not  over  0.07  Not  over  0.07 


and  manganese  on  each  heat  of  steel ;  determinations  of  phos- 
phorus on  six  heats  every  12  hr.,and  determinations  of  silicon 
and  sulphur  on  a  sample  representing  each  12  hr.  rolling ; 
all  said  analyses  to  be  made  on  drillings  from  a  test-ingot  cast 
when  teeming  each  heat. 

The  results  of  these  analyses  shall  govern ;  but  prior  to  and 
during  the  rolling  of  the  rails,  the  inspector  shall  be  given  all 
reasonable  facilities  to  satisfy  himself  that  the  maker's  method 
of  sampling  each  heat  is  in  accordance  with  the  best  standard 
practice,  and  that  the  various  constituents  of  the  rail-steel  will 
be  accurately  determined.  If  so  desired,  but  prior  to  rolling, 
the  inspector  may  submit  to  the  manufacturer  and  to  an  inde- 
pendent chemist  of  repute,  a  properly-prepared  sample  of  rail- 
steel  for  joint  analysis,  with  a  view  to  proving  the  accuracy  of 
the  analyses  which  will  be  furnished  daih',  from  the  mill-labo- 
ratory, when  rolling  begins;  the  expense  of  this  joint-analysis 
to  be  equally  divided  between  the  contractor  and  the  purchaser. 

If,  during  rolling,  the  accuracy  of  any  report  from  the  steel- 
works laboratory  on  a  heat  of  steel  is  promptly  questioned, 
and  not  immediately  settled  to  the  inspector's  satisfaction  by  a 
check-analysis  at  the  mill,  the  inspector  shall  be  furnished  an 
identified  sample  of  drillings  from  the  test-ingot,  the  analysis 
of  which,  by  an  independent  chemist  of  repute,  must  be  fur- 
nished and  the  dispute  settled  before  the  rails  from  said  heat  are 
ready  for  shipment.  The  purchaser  shall  pay  the  cost  of  any 
and  all  such  check-analyses. 

If  requested,  the  manufacturer  shall  furnish,  on  an  average 
sample  of  the  tonnage  rolled,  a  determination  of  arsenic,  cop- 
per, or  other  constituents,  incidentally  present  in  determinable 
quantities. 
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4.  Impact -Test. 

From  either  end  of  a  rail,  from  every  alternate  heat  of  steel, 
shall  be  cut,  at  the  hot  saws,  a  piece  from  4  to  6  ft.  long,  which 
shall  be  distinctly  stamped  with  the  heat-number,  as  directed  by 
the  representative  of  the  engineer  (or  of  the  purchaser),  and  the 
piece  set  aside  on  skids  to  cool.  As  soon  as  cool,  it  shall  be 
placed,  head  upwards,  on  the  supports  of  the  standard  Amer- 
ican rail  drop-testing  machine,  described  below,  and  the  various 
sections  must  withstand,  without  fracture,  one  blow  of  the 
2,000-lb.  tup,  from  the  height  specified  in  Table  VIII.  The 
report  of  the  drop-test  shall  include  a  record  of  the  atmospheric 
temperature  at  the  time  the  tests  are  made,  and,  if  necessary, 
due  allowance  shall  be  made  for  rails  tested  at  or  below  freez- 
ing-temperature. 

Table  Ylll.—FaUmg- Weight  Test. 


Weight  of  Rail. 

Height  of  Drop. 

Range  in  Carbon. 

Pounds  Per  Yard. 

Feet. 
16 
17 
18 
19 
20 

Per  Cent. 
0.30-0.40 

More  than  60   up  to  and  including  70 

0.35-0.45 

More  than  70   up  to  and  including"  80 

0.35-0.45 

0.40-0.50 

0.40-0.60 

With  regard  to  a  provision  for  re-test,  in  case  the  pieces  of 
rail  selected  to  represent  the  heat  fail  under  test,  two  other 
rails  will  be  selected  and  similar  lengths  cut  therefrom,  or  crop- 
ends  of  sufiicient  length  already  cut  from  two  other  rails  of  the 
same  heat  may  be  used.  If  either  of  these  pieces  or  crop-ends 
fail,  all  the  rails  of  the  heat  which  they  represent  will  be  re- 
jected, but  if  both  these  latter  tests  meet  the  requirements,  all 
the  rails  of  the  heat  will  be  accepted. 

In  case  the  rails  from  two  successive  tested  heats  are  rejected 
for  failure  to  meet  the  requirements  of  the  drop-test,  the  inter- 
mediate heat  will  be  tested  as  above  described. 

The  acceptance  or  rejection  of  all  the  rails  from  any  heat  will 
depend  upon  the  result  of  the  drop-test  thereof. 

5.  Drop-Test  Machine. 

Prior  to  making  any  impact  tests,  the  inspector  shall  be  given 
opportunity  to  satisfy  himself  that  the  drop-testing  machine,  in 
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its  essential  features,  complies  with  the  following  requirements : 
the  weight  of  the  tup  shall  be  2,000  lb. ;  the  radius  of  its  strik- 
ing-face 5  in. ;  the  weight  of  the  anvil-block  shall  be  amply- 
sufficient  to  insure  rigidity,  and,  moreover,  it  shall  rest  on  a  solid 
masonry  foundation.  The  iron  or  steel  supports  for  the  rails 
shall  be  rounded  to  a  radius  of  5  in.,  set  3  ft.  apart  between 
centers,  and  shall  be  firmly  secured  to  the  anvil-block.  The  tup 
shall  be  so  arranged  that  it  can  conveniently  be  dropped  from 
any  specified  height. 

6.  Section. 

Before  the  general  manufacture  of  the  rails  is  commenced, 
the  manufacturer  shall,  if  required  by  the  engineer  (or  by  the 
purchaser),  supply  two  sets  of  templets,  internal  and  external, 
made  of  approved  material.  These  templets,  engraved  as  speci- 
fied in  the  contract,  shall  be  submitted  to  the  engineer  (or  to 
the  purchaser)  for  his  approval,  and  at  the  commencement  of 
rolling  the  engineer  shall  have  a  competent  person  present  to 
approve  of  the  section. 

The  rails  shall  be  of  uniform  section  throughout,  and  shall 
conform,  as  accurately  as  possible,  to  the  approved  templet, 
consistent  with  paragraph  IsTo.  7  relative  to  specified  weight. 
To  allow  for  the  unavoidable  wear  of  the  rolls,  a  variation  in 
height  of  -Jj  in.  less  and  -gV  in.  greater  than  the  specified  height 
will  be  permitted.  A  perfect  fit  of  the  fish-plates,  however, 
shall  be  maintained  at  all  times. 

7.  Weight. 

The  weight  of  the  rails  shall  be  maintained  as  nearly  as  pos- 
sible, after  complying  with  paragraph  jSTo.  6,  to  that  specified 
in  the  contract.  A  variation  of  0.5  per  cent,  for  an  entire  order 
will  be  allowed.  The  manufacturer  shall  weigh  one  rail  each 
hour  during  the  entire  rolling. 

Rails  shall  be    accepted  and  paid  for  according  to  actual 

weight. 

8.  Length. 

The  standard  length  of  rails  shall  be  33  ft.  Ten  per  cent,  of 
the  entire  order,  if  made,  will  be  accepted  in  shorter  lengths, 
varying  by  even  feet  down  to  27  ft.  A  variation  of  0.25  in. 
longer  or  shorter  than  the  standard  leno:th  will  be  allowed. 
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This  allowable  variation  shall  be  f  in.  longer  or  shorter  for 
rails  over  standard  length. 

When  rails  of  special  lengths,  slightly  shorter  than  33  ft.,  are 
ordered  for  curves,  they  shall  not  be  counted  in  the  allowable 
percentage  of  short  rails. 

9.  Drilling. 

Circular  holes  for  fish-bolts  shall  be  drilled  through  the  web, 
from  the  solid,  at  each  end  of  the  rails  and  in  strict  accordance 
with  the  specification.  They  shall  conform  accurately  to  the 
drawing  and  dimensions  furnished  in  every  respect,  shall  be 
clean  and  square  with  the  web,  and  shall  be  left  without  burrs 
on  either  side. 

Should  any  of  the  holes  vary  from  the  correct  size  or  posi- 
tion more  than  gV  in.,  the  rails  in  question  will  be  liable  to  re- 
jection. 

10.  Finish. 

Rails  shall  be  straight  in  line  and  surface  when  finished;  the 
straightening  being  carefully  done  while  cold ;  smooth  on  head, 
sawed  square  at  ends  (variation  to  be  not  more  than  -gij  in.), 
and,  prior  to  shipment,  shall  have  the  burr  occasioned  by  the 
saw-cutting  carefully  chipped  and  filed  off,  particularly  under 
the  head  and  on  top  of  the  flange ;  the  ends  must  be  clean. 
The  rails  are  to  be  free  from  injurious  defects  and  flaws  of  all 
kinds. 

11.  Branding. 

The  maker's  name,  initials  or  other  recognized  mark,  the 
month  and  year  of  manufacture  and  the  initials  of  the  railroad, 
shall  be  rolled  in  raised  letters  on  the  side  of  the  w^eb.  If  spe- 
cially desired,  the  weight  of  the  rail  per  yard  will  be  added. 

The  heat-number  shall  be  plainly  stamped  on  the  web  of 
each  rail  while  hot,  in  at  least  two  places  and  at  a  suflacient 
distance  from  the  ends,  so  that  it  will  not  be  subsequently  cov- 
ered by  the  fish-plate. 

All  rails  definitely  rejected  shall  be  at  once  marked  in  such 
a  distinctive  manner  as  will  enable  the  inspector  to  readily 
identify  them,  but  not  so  as  to  render  them  unsalable  to  other 
parties. 

Both  ends  of  all  "  seconds,"  or  No.  2  rails,  to  be  painted 
white.     Both  ends  of  all  short  lengths  first  quality,  or  No.  1, 
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rails  to  be  painted  green.     Special-length  rails  for  curves  to 
be  painted  red. 

12.  Inspection. 

The  manufacturer  shall  give  the  engineer  (or  the  purcha- 
ser), or  his  inspector,  if  so  instructed,  a  reasonable  notice, 
in  writing,  before  rolling  shall  be  begun,  and  similar  written 
notices  in  advance  of  each  resumption  of  rolling,  in  case  the 
order  is  not  filled  at  one  continuous  rolling.  Should  the  maker 
fail  to  give  said  notice,  all  rails  rolled  in  the  absence  of  the 
duly  authorized  representative  may  be  rejected  as  part  of  the 
contract.  The  party  thus  notified  shall,  in  turn,  give  written 
notice  to  the  manufacturer  of  his  intention  to  be  present,  or 
permission  to  proceed  at  the  time  designated  by  the  maker. 

Authorized  representatives  shall  have  free  access  to  the  works 
of  the  manufacturer  at  all  times  when  the  contract  is  being 
filled,  and  shall  have,  free  of  cost,  all  reasonable  facilities 
aiforded  by  the  maker  to  satisfy  them  that  the  finished  rails 
are  furnished  in  accordance  with  the  terms  of  these  specifica- 
tions;  the  inspection  shall,  therefore,  be  conducted  so  as  to 
cause  no  serious  delays  in  the  processes  of  manufacture. 

Rails  will  be  passed  upon  individually  or  by  heats,  according 
to  the  character  of  the  requirements  specified.  Rejected  rails 
will  become  at  once  the  property  of  the  maker. 

All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture, and  the  engineer,  or  his  representative  at  the  mill,  shall 
be  empowered  to  give  the  necessary  written  certificates  of  ac- 
ceptance to  the  manufacturer,  in  such  a  manner  as  not  to  cause 
delays  in  the  shipment  of  inspected  rails. 

13.  ''Seconds,''  or  No.  2  Rails. 

Rails  which  possess  any  injurious  defects,  or  which,  from  any 
other  cause,  are  not  suitable  for  first  quality,  or  ISo.  1,  rails, 
shall  be  considered  as  "  seconds,"  or  Xo.  2  rails. 

They  shall  not  have  flaws  in  their  heads  of  more  than  0.25  in., 
or  in  the  flange  of  more  than  0.5  in.  in  depth,  and,  in  the  judg- 
ment of  the  inspector,  these  shall  not  be  so  numerous  or  of  such 
a  character  as  to  render  them  unflt  for  recognized  ISTo.  2  rail 
uses,  such  as  in  the  main  track  at  stations,  in  sidings  and  in 
yards. 

The  ends  of  No.  2  rails  shall  be  painted  white,  and  they  shall 
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have  two  prick-punch  marks  on  the  side  of  the  web  near  the 
blow-number  brand,  and  placed  so  as  not  to  be  covered  by  the 
fish-plates. 

ISTo.  2  rails  will  be  accepted  up  to  5  per  cent,  of  the  whole 
order. 
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The  Lime-Roasting  of  Galena. 

BY  \V.  R.    INGALLS,  NEW  YORK,  N.  Y. 

(London  Meeting,  July,  lOOG.) 

During  the  last  two  years,  and  especially  during  the  last  six 
months,  a  number  of  important  articles  upon  the  new  methods 
for  the  desulphurization  of  galena  have  been  published  in  the 
technical  periodicals,  particularly  in  the  Enfiineering  and  Mining 
Journal  and  in  3Ietallurgie.  I  proposed  for  these  methods  the 
type-name  of  "  lime-roasting  "  of  galena  as  a  convenient  metal- 
lurgical classification,'  and  this  term  has  found  some  acceptance. 
The  articles  referred  to  have  shown  the  great  practical  impor- 
tance of  these  new  processes,  and  the  general  recognition  of 
their  metallurgical  and  commercial  value  which  has  already 
been  accorded  to  them.  It  is  my  present  purpose  to  review 
broadly  the  changes  developed  by  them  in  the  metallurgy  of 
lead,  in  which  connection  it  is  necessary  to  refer  briefly  to  the 
previous  state  of  the  art. 

^  Engineering  and  Mining  Journal,  vol.  Ixxx.,  p.  402  (1905) 
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The  elimination  of  the  sulphur-content  of  galena  has  been 
always  the  most  troublesome  part  of  the  sraelting-process,  being 
both  costly  in  the  operation  and  wasteful  of  silver  and  lead. 
Previous  to  the  introduction  of  the  Huntington-Heberlein  pro- 
cess at  Pertusola,  Italy,  it  was  effected  by  a  variety  of  methods. 
In  the  treatment  of  non-ars-entiferous  galena  concentrate,  the 
smelting  was  done  by  the  roast-reduction  method  (roasting  in 
reverberatory  furnace  and  smelting  in  blast-furnace) ;  the  roast- 
reactiou  method,  applied  in  reverberator}'  furnaces;  and  the 
roast-reaction  method,  applied  in  Scotch  hearths.^  Precipita- 
tion-smelting, simple,  had  practically  gone  out  of  use,  although 
its  reactions  enter  into  the  modern  blast-furnace  practice,  as  do 
also  those  of  the  roast-reaction  method. 

In  the  treatment  of  argentiferous  lead-ores,  a  combination  of 
the  roast-reduction,  roast-reaction  and  precipitation-methods 
had  been  developed.  Ores  low  in  lead  were  still  roasted, 
chiefly  in  hand-worked  reverberatories  (the  mechanical  furnaces 
not  having  been  proved  well  adapted  to  lead-bearing  ores), 
while  the  high  loss  of  lead  and  silver  in  sinter-  or  slag-roasting 
of  rich  galenas  had  caused  those  processes  to  be  abandoned, 
and  such  ores  were  charged  raw  into  the  blast-furnace,  the  part 
of  their  sulphur  which  escaped  oxidation  therein  reappearing 
in  the  form  of  matte.  In  the  roast-reduction  smelting  of  galena 
alone,  however,  there  was  no  way  of  avoiding  the  roasting  of 
the  whole,  or  at  least  a  very  large  percentage  of  the  ore,  and  in 
this  roasting  the  ore  had  necessarily  to  be  slagged  or  sintered  in 
order  to  eliminate  the  sulphur  to  a  satisfactory  extent.  This  is 
exemplified  in  the  treatment  of  the  galena  concentrate  of  south- 
eastern Missouri  at  the  present  time. 

Until  the  two  new  Scotch-hearth  plants  at  Alton  and  Collins- 
ville.  111.,  were  put  in  operation,  the  three  processes  of  smelting 
the  southeastern  Missouri  galena  were  about  on  an  equal  foot- 
ing. Their  results  per  ton  of  ore  containing  65  per  cent,  of 
lead  were  approximately  as  follows.  (Percentages  of  lead  in 
Missouri  practice  are  based  on  the  wet-assay ;  among  the  sil- 
ver-lead smelters  of  the  "West  the  fire-assay  is  still  generally 
employed.) 

^  This  term  is  inexact,  because  the  hearths  employed  in  the  United  States  are 
not  strictly  "  Scotch  hearths,"  but  they  are  commonly  known  as  such,  wherefore 
my  use  of  the  term. 
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Extraction. 
Method.  Cost.  Per  Cent. 

Eeverberatory, $6.50-$7.00  90-92 

Scotch-hearth, $5.75-$6.50  87-88 

Eoast-reduction, $6.00-57.00  90-92 

The  new  works  employ  the  Scotch-hearth  process,  with  bag- 
houses  for  the  recovery  of  the  fume,  which  previously  was  the 
weak  point  of  this  method  of  smelting.  This  improvement  did 
not  originate  at  either  Alton  or  Collinsville,  having  been  pre- 
viously in  use  at  the  works  of  the  Missouri  Smelting  Company 
at  Cheltenham,  St.  Louis,  but  the  idea  originated  from  the 
practice  of  the  Picher  Lead  Company,  of  Joplin,  Mo.  This 
improvement  led  to  a  large  increase  in  the  recovery  of  lead,  so 
that  the  entire  extraction  is  now  approximately  98  per  cent,  of 
the  content  of  the  ore,  while,  on  the  other  hand,  the  cost  of 
smelting  per  ton  of  ore  has  been  reduced  through  the  increased 
size  of  these  plants  and  the  introduction  of  improved  means  for 
handling  ore  and  material.  The  practice  of  these  works  rep- 
resents the  highest  efficiency  yet  obtained  in  this  country  in 
the  smelting  of  high-grade  galena-concentrate,  and  probably  it 
cannot  be  equaled  even  by  the  Huntington-Heberlein  and 
similar  processes.  The  Scotch-hearth  and  bag-house  process  is 
therefore  the  one  of  the  older  methods  of  smelting  which  will 
survive. 

In  the  other  methods  of  smelting,  a  large  proportion  of  the 
cost  is  involved  in  the  roasting  of  the  ore,  which  amounts  in 
hand-worked  reverberatory  furnaces  to  from  $2  to  $2,50  per  ton. 
Also,  the  larger  proportion  of  the  loss  of  metal  is  suffered  in 
the  roasting  of  the  ore,  this  amounting  to  from  6  to  8  per  cent, 
of  the  metal  content  of  such  ore  as  is  roasted.  The  loss  of  lead 
in  the  combined  process  of  treatment  depends  upon  the  details 
of  the  process.  The  chief  advantage  of  lime-roasting  in  the 
treatment  of  this  class  of  ore  is  in  the  higher  extraction  of  metal 
which  it  affords.  This  should  rise  to  98  per  cent.  That  figure, 
indeed,  has  been  surpassed  in  operations  on  a  large  scale,  ex- 
tending over  a  considerable  period. 

In  the  treatment  of  the  argentiferous  ores  of  the  "West,  differ- 
ent conditions  enter  into  the  consideration.  In  the  working  of 
those  ores,  the  present  practice  is  to  roast  only  those  which  are 
low  in  lead,  and  charge  raw  into  the  blast-furnace  the  rich 
galenas.     The  cost  of  roasting  is  from  $2  to  $2.50  per  ton;  the 
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cost  of  smelting  is  about  $2.50  per  ton.  On  the  average  about 
0.4  ton  of  ore  has  to  be  roasted  for  every  ton  that  is  smelted. 
The  cost  of  roasting  and  smelting  is  therefore  about  $3.50  per 
ton.  In  good  practice  the  recovery  of  silver  is  about  98  per 
cent,  and  of  lead  about  95  per  cent.,  reckoned  on  the  fire-assay. 

In  the  treatment  of  these  ores,  the  lime-roasting  process  offers 
several  advantages.  It  may  be  performed  at  less  than  the  cost 
of  ordinary  roasting.  (This  refers  especially  to  the  Savelsberg 
process.)  The  loss  of  silver  and  lead  during  the  roasting  is  re- 
duced to  insignificant  proportion.  The  sulphide-fines  which 
must  be  charged  raw  into  the  blast-furnace  are  eliminated,  in- 
asmuch as  they  can  be  efficiently  desulphurized  in  the  lime- 
roasting  pots  without  significant  loss  ;  all  the  ore  to  be  smelted 
in  the  blast-furnace,  therefore,  can  be  delivered  to  it  in  lump 
form,  whereby  the  speed  of  the  blast-furnace  is  increased  and 
the  wind-pressure  required  is  decreased.  Finally,  the  percent- 
age of  sulphur  in  the  charge  is  reduced,  producing  a  lower 
matte-fall,  or  no  matte-fall  whatever,  with  consequent  saving  in 
expense  of  retreatment.  In  the  case  of  a  new  plant,  the  first 
cost  of  construction  and  the  ground-space  occupied  are  materi- 
ally reduced.  Before  discussing  more  full}'  the  extent  and  na- 
ture of  these  savings,  it  is  advisable  to  point  out  the  differences 
among  the  three  processes  of  lime-roasting  that  have  already 
come  into  practical  use. 

In  the  Huntington-Heberlein  process,  the  ore  is  mixed  with 
suitable  proportions  of  limestone  or  silica  (or  quartzose  ore), 
and  is  then  partially  roasted,  say,  to  reduction  of  the  sulphur 
to  one-half.  The  roasting  is  done  at  a  comparatively  low  tem- 
perature, and  the  loss  of  metals  is  consequently  small.  The 
roasted  ore  is  dampened  and  allowed  to  cool.  It  is  then  charged 
into  a  hemispherical  cast-iron  pot,  with  a  movable  hood  which 
covers  the  top  and  leads  away  the  gases.  There  is  a  perforated 
grate  in  the  bottom  of  the  pot,  on  which  the  ore  rests,  and  air 
is  introduced  through  a  pipe  entering  the  bottom  of  the  pot, 
under  the  grate.  A  small  quantity  of  red-hot  calcines  from  the 
roasting-furnaces  is  thrown  on  the  grate  to  start  the  reaction ; 
a  layer  of  cold,  semi-roasted  ore  is  put  upon  it,  the  air-blast  is 
turned  on  and  reaction  begins,  which  manifests  itself  by  the 
copious  evolution  of  sulphur-fumes.  These  consist  chiefly  of 
sulphur  dioxide,  but  they  contain  more  or  less  trioxide,  which 
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is  evident  from  the  solution  of  copperas  that  trickles  from  the 
hoods  and  iron  smoke-pipes,  wherein  the  moisture  condenses. 
As  the  reaction  progresses,  and  the  heat  creeps  up,  more  ore  is 
introduced,  layer  by  layer,  until  the  pot  is  full.  Care  is  taken 
by  the  operator  to  compel  the  air  to  pass  evenly  and  gently 
through  the  charge,  wherefore  he  is  watchful  to  close  blow-holes 
which  develop  in  it.  At  the  end  of  the  operation,  which  may 
last  from  4  to  18  hr.,  the  ore  becomes  red  hot  at  the  top.  The 
hood  is  then  pushed  up,  and  the  pot  is  turned  on  its  trunnions, 
by  means  of  a  hand-operated  wheel  and  worm-gear,  until  the 
charge  slides  out,  which  it  does  as  a  solid,  semi-fused  cake.  The 
pot  is  then  turned  back  into  position.  Its  design  is  such  that 
the  air-pipe  makes  automatic  connection,  a  flanged  pipe,  cast 
with  the  pot,  settling  upon  a  similarly  flanged  pipe  communi- 
cating with  the  main,  a  suitable  gasket  serving  to  make  a  tight 
joint.  The  pots  are  set  at  an  elevation  of  about  12  ft.  above  the 
ground,  so  that  when  the  charge  slides  out  the  drop  will  break 
it  up  to  some  extent;  moreover,  it  is  caused  to  fall  on  a  wedge, 
or  similar  contrivance,  to  assist  the  breakage.  After  cooling, 
it  is  farther  broken  up  to  furnace-size  by  wedging  and  sledging ; 
the  lumps  are  forked  out,  and  the  fines  screened  and  returned 
to  a  subsequent  charge  for  completion  of  their  desulphurization. 
The  Savelsberg  process  difl:ers  from  the  Huntington-Heber- 
lein  in  respect  to  the  preliminary  roasting,  which,  in  the  Savels- 
berg process,  is  omitted,  the  raw  ore,  mixed  with  limestone  and 
silica,  being  charged  directly  into  the  converter.  The  Savels- 
berg converter  is  supported  on  a  truck,  instead  of  being  fixed 
in  position,  but  otherwise  its  design  and  management  are  quite 
similar  to  those  of  the  Huntington-Heberlein  converter.  In 
neither  case  are  there  any  patents  on  the  converters.  The  pat- 
ents are  on  the  processes.  In  view  of  the  litigation  that  has 
already  been  commenced  between  their  respective  owners,  it  is 
interesting  to  examine  the  claims. 

The  Huntington-Heberlein  patent^  has  the  following  claims: 
1.  The  herein-described  method  of  oxidizing  sulphide-ores 
of  lead  preparatory  to  reduction  to  metal,  Avhich  consists  in 
mixing  with  the  ore  to  be  treated  an  oxide  of  an  alkaline-earth 
metal,  such  as  calcium  oxide,  subjecting  the  mixture  to  heat  in 
the  presence  of  air,  then  reducing  the  temperature,  and  finally 

=*  U.  S.  Patent  Xo.  600,347,  issued  March  8,  1898,  applied  for  December  9,  1896. 
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passing  air  through  the  mass  to  complete  the  oxidation  of  the 
lead,  substantially  as  and  for  the  purpose  set  forth. 

2.  The  herein-described  method  of  oxidizing  sulphide-ores 
of  lead  preparatory  to  reduction  to  metal,  which  consists  in 
mixing  calcium  oxide  or  other  oxide  of  an  alkaline-earth  metal 
with  the  ore  to  be  treated,  subjecting  the  mixture,  in  the  pres- 
ence of  air,  to  a  bright-red  heat  (about  700°  C),  then  cooling 
down  the  mixture  to  a  dull-red  heat  (about  500°  C),  and  finally 
forcing  air  through  the  mass  until  the  lead-ore,  reduced  to  an 
oxide,  fuses,  substantially  as  set  forth. 

3.  The  herein-described  method  of  oxidizing  lead  sulphide 
in  the  preparation  of  the  same  for  reduction  to  metal,  which 
consists  in  subjecting  the  sulphide  to  a  high  temperature  in  the 
presence  of  an  oxide  of  an  alkaline-earth  metal,  such  as  cal- 
cium oxide,  and  oxygen,  and  then  lowering  the  temperature, 
substantially  as  set  forth. 

Adolf  Savelsberg  claims  :* 

1.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  consists  in  mixing  raw  ore  with  limestone  and  then  sub- 
jecting the  mixture  to  the  simultaneous  application  of  heat  and 
a  current  of  air  in  sufiicient  proportions  to  substantially  com- 
plete the  desulphurization  in  one  operation,  substantially  as  de- 
scribed. 

2.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  process  consists  in  first  mixing  the  ores  with  limestone, 
then  moistening  the  mixture,  then  filling  it  without  previous 
roasting  into  a  chamber,  then  heating  it  and  treating  it  by  a 
current  of  air,  as  and  for  the  purpose  described. 

3.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  consists  in  mixing  raw  ores  with  limestone,  then  filling 
the  mixture  into  a  chamber,  then  subjecting  the  mixture  to  the 
simultaneous  application  of  heat  and  a  current  of  air  in  sufii- 
cient proportions  to  substantially  complete  the  desulphurization 
in  one  operation,  the  mixture  being  introduced  into  the  chamber 
in  partial  charges  introduced  successively  at  intervals  during 
the  process,  substantially  as  described, 

4.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  process  consists  in  first  mixing  the  ores  with  limestone, 

*  U.  S.  Patent  Xo.  755,598,  issued  March  22,  1904,  applied  for  December  18, 
1903. 


THE    LIME-ROASTING    OF    GALENA.  633 

then  moistening  the  mixture,  then  filling  it  •without  previous 
roasting  into  a  chamber,  then  heating  it  and  treating  it  by  a 
current  of  air,  the  mixture  being  introduced  into  the  chamber 
in  partial  charges  introduced  successively  at  intervals  during 
the  process,  as  and  for  the  purpose  described. 

5.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  process  consists  in  first  mixing  the  ores  with  sutficient 
limestone  to  keep  the  temperature  of  the  mixture  below  the 
melting-point  of  the  ore,  then  filling  the  mixture  into  a  chamber, 
then  heating  said  mixture  and  treating  it  with  a  current  of  air, 
as  and  for  the  purpose  described. 

6.  The  herein-described  process  of  desulphurizing  lead-ores, 
which  process  consists  in  first  mixing  the  ores  with  sufiicient 
limestone  to  mechanically  separate  the  particles,  of  galena  suf- 
ficiently to  prevent  fusion,  and  to  keep  the  temperature  below 
the  melting-point  of  the  ore  by  the  liberation  of  carbon  diox- 
ide, then  filling  the  mixture  into  a  chamber,  then  heating  said 
mixture  and  treating  it  with  a  current  of  air,  as  and  for  the 
purpose  described. 

'The  Carmichael-Bradford  process  differs  from  the  Savelsberg 
by  the  treatment  of  the  raw  ore  mixed  with  gypsum  instead  of 
limestone,  and  differs  from  the  Huntington-Heberlein  both  in 
respect  to  the  use  of  gypsum  and  the  omission  of  the  prelimi- 
nary roasting.  The  Carmichael-Bradford  process  has  not  been 
threatened  with  litigation,  so  far  as  I  am  aware.  The  claims 
of  its  original  patent  read  as  follows  :^ 

1.  The  process  of  treating  mixed  sulphide-ores,  which  consists 
in  mixing  with  said  ores  a  sulphur  compound  of  a  metal  of  the 
alkaline  earths,  starting  the  reaction  by  heating  the  same, 
thereby  oxidizing  the  sulphide  and  reducing  the  sulphur  com- 
pound of  the  alkali  metal,  passing  a  current  of  air  to  oxidize 
the  reduced  sulphur  compound  of  the  metal  of  the  alkalies 
preparatory  to  acting  upon  a  new  charge  of  sulphide-ores,  sub- 
stantially as  and  for  the  purpose  set  forth. 

2.  The  process  of  treating  mixed  sulphide-ores,  which  con- 
sists in  mixing  calcium  sulphate  with  said  ores,  starting  the  re- 
action by  means  of  heat,  thereby  oxidizing  the  sulphide-ores, 
liberating  sulphurous-acid  gas,  and  converting  the  calcium  sul- 
phate into  calcium   sulphide,  and  oxidizing  the  calcium   sul- 

^  A.  D.  Carmichael,  U.  S.  Patent  No.  705,904,  July  29,  1902. 
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phide  to  sulphate  preparatory  to  treating  a  fresh  charge  of 
sulphide-ores,  substantially  as  and  for  the  purpose  set  forth. 

The  process  described*  by  "W.  S.  Bayston,  of  Melbourne,  ap- 
pears to  be  identical  with  that  of  Savelsberg. 

Irrespective  of  the  validity  of  the  Savelsberg  and  Carmi- 
chael-Bradford  patents,  and  without  attempting  to  minimize 
the  ingenuity  of  their  inventors  and  the  importance  of  their 
discoveries,  it  must  be  conceded  that  the  merit  for  the  inven- 
tion and  introduction  of  lime-roasting  of  galena  belongs  to 
Thomas  Huntington  and  Ferdinand  Heberlein.  The  former 
is  an  American,  and  this  is  the  only  claim  that  the  United 
States  can  make  to  a  share  in  this  great  improvement  in  the 
metallurgy  of  lead.  It  is  to  be  regretted,  moreover,  that  of  all 
the  important  lead-smelting  countries  of  the  world,  America 
has  been  the  most  backward  in  adopting  it. 

The  details  of  the  three  processes  and  the  general  results 
accomplished  by  them  have  been  rather  fully  described  in  a 
series  of  articles  recently  published  in  the  JEngineering  and 
Mining  Journal.  There  has  been,  however,  comparatively  lit- 
tle discussion  as  to  costs ;  and,  unfortunately,  the  data  avail- 
able for  analysis  are  extremely  scanty,  due  to  the  secrecy  with 
which  the  Huntington-Heberlein  process,  the  most  extensively 
exploited  of  the  three,  has  been  veiled.  Xevertheless,  I  may 
attempt  an  approximate  estimation  of  the  various  details,  taking 
the  Huntington-Heberlein  process  as  the  basis. 

The  ore,  limestone  and  silica  are  crushed  to  pass  a  4-mesh 
screen.  This  is  about  the  size  to  which  it  would  be  necessary 
to  crush  as  preliminary  to  roasting  in  the  ordinary  way,  where- 
fore the  on?y  diflerence  in  cost  is  the  charge  for  crushing  the 
limestone  and  silica,  which  in  the  aggregate  may  amount  to 
one-sixth  of  the  weight  of  the  raw  sulphide,  and  may  conse- 
quently add  2  to  2.5c.  to  the  cost  of  treating  a  ton  of  ore.  The 
mixing  of  ore  and  fluxes  may  be  costly  or  cheap,  according  to 
the  way  of  doing  it.  If  done  in  a  rational  way  it  ought  not  to 
cost  more  than  10c.  per  ton  of  ore,  and  may  come  to  less.  The 
delivery  of  the  ore  from  the  mixing-house  to  the  roasting-fur- 
naces  ought  to  be  done  entirely  by  mechanical  means,  at  insig- 
nificant cost. 

The  Heberlein  roasting-furnace,  which  is  used  in  connection 

«  Australian  Patent  No.  2,862. 
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with  the  "  H.-H."  process,  is  simply  an  improvement  on  the  old 
Brunton  calciner — a  circular  furnace,  with  revolving  hearth. 
The  construction  of  this  furnace,  according  to  American  de- 
signs, is  excellent.  The  hearth  is  26  ft.  in  diameter ;  it  is  re- 
volved at  slow  speed,  and  requires  about  1.5  h.p.  A  flange  at 
the  periphery  of  the  hearth  dips  into  sand  in  an  annular  trough, 
thus  shutting  olf  air  from  the  combustion-chamber,  except 
through  the  ports  designed  for  its  admittance.  The  mechanical 
construction  of  the  furnace  is  w^orkmanlike,  and  the  mechanism 
under  the  hearth  is  easy  of  access  and  comfortably  attended  to. 
A  26-ft.  furnace  roasts  about  80,000  lb.  of  charge  per  24  hr. 
In  dealing  with  an  ore  containing  from  20  to  22  per  cent,  of 
sulphur,  the  latter  is  reduced  to  about  10  or  11  per  cent,  the 
consumption  of  coal  being  about  22.5  per  cent,  of  the  weight  of 
the  charge.  The  hearth-efficiency  is  about  150  lb.  per  sq.  ft., 
which,  in  comparison  with,  ordinary  roasting,  is  high.  The  coal- 
consumption,  however,  is  not  correspondingly  low.  Two  fur- 
naces can  be  managed  by  one  man  per  8-hr.  shift.  On  the  basis 
of  80  tons  of  charge  ore  per  24  hr.,  the  cost  of  roasting  should 
be  approximately  as  follows : 


Labor:  3  men  at  $2.50,    . 

.     $  7.50 

Coal:  18  tons  at  $2, 

.       36.00 

Power,      .         .         .          ■ 

3.35 

Repairs,    .... 

3.35 

Total, $50.20for  SOtons,  or  63c.  per  ton. 

In  the  above  estimate  repairs  have  been  reckoned  at  the  same 
amount  as  is  experienced  with  Bruckner  cylinders,  and  the  cost 
of  power  has  been  allowed  for  with  fair  liberality.  The  esti- 
mated cost  of  63c.  per  ton  is  comparable  with  the  fl.lO  to  |1.45 
per  ton,  which  is  the  result  of  roasting  in  Briickner  cylinders  in 
Colorado,  reducing  the  ore  to  from  4.5  to  6  per  cent,  of  sul- 
phur. 

The  Heberlein  furnace  is  built  up  to  considerable  elevation 
above  the  ground-level,  externally  somewhat  resembling  the 
Pearce  turret-furnace.  This  serves  two  purposes:  (1)  it  atlbrds 
ample  room  under  the  hearth  for  attention  to  the  driving  mech- 
anism ;  and  (2)  it  enables  the  ore  to  be  discharged  by  gravity 
into  suitable  hoppers,  without  the  construction  of  subterranean 
gangways.     The  ore  discharges  continuously  from  the  furnace, 
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at  dull-red  beat,  into  a  brick  bin,  wberein  it  is  cooled  by  a  water- 
spray.  Periodically,  a  little  ore  is  diverted  into  a  side-bin,  in 
which  it  is  kept  hot  for  starting  a  subsequent  charge  in  the  con- 
verter. 

The  cooled  ore  is  conveyed  from  the  receiving-bins  at  the 
roasting-furnaces  to  hopper-bins  above  the  converters.  If  the 
tramming  be  done  by  hand  the  cost,  with  labor  at  25c.  per  hr., 
may  be  approximately  12.j5c.  per  ton  of  ore,  but  this  should  be 
capable  of  considerable  reduction   by  mechanical  conveyance. 

The  converters  are  hemispherical  pots  of  cast-iron,  9  ft.  in 
diameter  at  the  top  and  about  4  ft.  in  depth.  They  are  pro- 
vided with  a  circular,  cast-iron  grate,  which  is  0.75  in.  thick 
and  6  ft.  in  diameter,  and  is  set  and  secured  horizontally  in  the 
pot.  This  grate  is  perforated  with  holes  0.75  in.  in  diameter, 
2  in.  apart,  center  to  center,  and  is  similar  to  the  Wetherill 
grate  employed  in  zinc  oxide  manufacture.  The  pot  itself  is 
about  2.5  in.  thick  at  the  bottom,  thinning  to  about  1.5  in.  at 
the  rim.  It  is  supported  on  trunnions,  and  is  geared  for  con- 
venient turning  by  hand.  The  blast-pipe,  which  enters  the  pot 
at  the  bottom,  is  6  in.  in  diameter. 

Two  roasting-furnaces  and  six  converters  are  rated  nomi- 
nally as  a  90-ton  plant.  This  rating,  however,  is  considerably 
in  excess  of  the  actual  capacity,  at  least  on  certain  ores.  The 
time  required  for  desulphurization  in  the  converter  apparently 
depends  a  good  deal  upon  the  character  of  the  ore.  The  six 
converters  may  be  arranged  in  a  single  row,  or  in  two  rows  of 
three  in  each.  They  are  set  so  that  the  rim  of  the  pot,  when 
upright,  is  about  12  ft.  above  the  ground-level.  A  platform 
gives  access  to  the  pots.  One  man  per  shift  can  attend  to  two 
pots.  His  work  consists  in  charging  them,  which  is  done  by 
gravity,  spreading  out  the  charge  evenly  in  the  pot,  closing  any 
blow-holes  which  may  develop,  and  at  the  end  of  the  operation 
raising  the  hood  (which  covers  the  pot  during  the  operation) 
and  dumping  the  pot.  The  work  is  easy.  The  conditions  under 
which  it  is  done  are  comfortable,  both  as  to  temperature  and 
atmosphere.  Reports  have  shown  a  great  reduction  in  liability 
to  lead-poisoning  in  the  works  where  the  "  H.-H."  process  has 
been  introduced. 

A  new  charge  is  started  by  kindling  a  small  wood  or  coal 
fire  on  the  grate,  then  throwing  in  a  few  shovelfuls  of  hot  cal- 
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cines,  and  finally  dropping  in  the  regular  charge  of  damp  ore 
(plus  the  fluxes  previously  referred  to).  The  charge  is  intro- 
duced in  stages,  successive  layers  being  dropped  in  and  spread 
out  as  the  heat  rises.  At  the  beginning  the  blast  is  very  low — 
about  2  oz.  It  is  increased  as  the  height  of  the  ore  in  the  pot 
rises,  finally  attaining  about  16  oz.  The  operation  goes  on 
quietly,  the  smoke  rising  from  the  surface  evenly  and  gently, 
precisely  as  in  a  well-running  blast-furnace.  While  the  charge 
is  still  black  on  top,  the  hand  can  be  held  w'ith  perfect  comfort 
inside  of  the  hood,  immediately  over  the  ore.  This  explains, 
of  course,  why  the  volatilization  of  silver  and  lead  is  insignifi- 
cant. There  is,  moreover,  little  or  no  loss  of  ore  as  dust,  be- 
cause the  ore  is  introduced  damp,  and  the  passage  of  the  air 
through  it  is  at  low  velocity.  In  the  interior  of  the  charge, 
however,  there  is  high  temperature  (evidently  much  higher  than 
has  been  stated  in  some  descriptions),  as  will  be  sliown  further 
on.  The  conditions  in  this  respect  appear  to  be  analogous  to 
those  of  the  blast-furnace,  which,  though  smelting  at  a  temper- 
ature of  about  1,200°  C.  at  the  area  of  the  tuyeres,  suffers  only 
a  slight  loss  of  silver  and  lead  by  volatilization. 

At  the  end  of  the  operation  in  the  "  H.-H."  pot,  the  charge 
is  dull  red  at  the  top,  with  blow-holes,  around  which  the  ore  is 
bright  red.  Imperfectly-worked  charges  show  masses  of  well- 
fused  ore,  surrounded  by  masses  of  only  partly  altered  ore,  a  con- 
dition which  may  be  ascribed  to  the  irregular  penetration  of  air 
through  the  charge,  afibrding  good  evidence  of  the  important 
part  which  air  plays  in  the  process.  A  properly-worked  charge 
is  tipped  out  of  the  pot  as  a  solid  cake,  which,  in  falling  to  the 
ground,  breaks  into  a  few  large  pieces.  As  they  break,  it  ap- 
pears that  the  interior  of  the  charge  is  bright  red  all  through, 
and  there  is  a  little  molten  slag  which  runs  out  of  cavities, 
presumably  spots  where  the  chemical  action  has  been  most  in- 
tense. When  cold,  the  thoroughly  desulphurized  material  has 
the  appearance  of  slag-roasted  galena.  Prills  of  metallic  lead 
are  visible  in  it,  indicating  reaction  between  lead  sulphide  and 
lead  sulphate. 

The  columns  of  the  structure  supporting  the  pots  should  be 
of  steel,  since  fragments  of  the  red-hot  ore  dumped  on  the 
ground  are  likely  to  fall  against  them.  To  hasten  the  cooling 
of  the  ore,  water  is  sometimes  played  on  it  from  a  hose.     This 
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is  bad,  since  some  is  likely  to  splash  into  the  still  inverted  pot, 
leading  to  cracks.  The  cracked  pots  at  certain  works  appear 
to  be  due  chiefly  to  this  cause,  in  the  absence  of  which  the  pots 
ought  to  last  a  long  time,  inasmuch  as  the  conditions  to  which 
they  are  subjected  during  the  blowing-process  are  not  at  all 
severe.  When  the  ore  is  sufficiently  cold  it  is  further  broken 
up,  first  by  driving  in  wedges,  and  finally  by  sledging  down  to 
pieces  of  orange  size,  or  what  is  suitable  for  the  blast-furnace. 
These  are  forked  out,  leaving  the  fine  ore,  which  comes  largely 
from  the  top  of  the  charge,  and  is  therefore  only  partially  desul- 
phurized. The  fines  are,  therefore,  re-treated  with  a  subsequent 
charge.  The  quantity  is  not  excessive ;  it  may  amount  to  7  or 
8  per  cent,  of  the  charge. 

The  breaking-up  of  the  desulphurized  ore  is  one  of  the  prob- 
lems of  the  process,  the  necessity  being  the  reduction  of  several 
large  pieces  of  fused,  or  semi-fused,  material  weighing  two  or 
three  tons  each.  When  done  by  hand  only,  as  is  usually  (per- 
haps always)  the  practice,  the  operation  is  rather  expensive.  It 
would  appear,  however,  to  be  a  not  difficult  matter  to  devise 
some  mechanical  aids  for  this  process — perhaps  to  make  it  en- 
tirely mechanical.  When  done  by  hand,  a  six-pot  plant  requires 
six  men  per  shift  sledging  and  forking.  With  8-hr.  shifts,  this 
is  18  men  for  the  breaking  of  about  60  tons  of  material,  which 
is  about  3J  tons  per  man  per  8  hr.  With  labor  at  25c.  per 
hour,  the  cost  of  breaking  the  fused  material  comes  to  60c.  per 
ton.  It  may  be  remarked,  for  comparison,  that  in  breaking 
ore  as  it  ordinarily  comes,  coarse  and  fine  together,  a  good 
workman  would  normally  be  expected  to  break  from  5  to  5.5 
tons  in  a  shift  of  8  hr. 

The  ordinary  charge  for  the  standard  converter  is  about  8 
tons  (16,000  lb.)  of  an  ore  weighing  166  lb.  per  cu.  ft.  With  a 
heavier  ore,  like  a  high-grade  galena,  the  charge  would  weigh 
proportionately  more.  The  time  of  working  ofiF  a  charge  is 
decidedly  variable.  Accounts  of  the  operation  of  the  process 
in  Australia  tell  of  charge-workings  in  from  3  to  5  hr.,  but  this 
does  not  correspond  with  the  results  reported  elsewhere,  which 
specify  times  of  from  12  to  18  hr.  Assuming  an  average  of 
16  hr.,  which  was  the  record  of  one  plant,  six  converters  would 
have  capacity  for  about  72  tons  of  charge  per  24  hr.,  or  about 
58  tons  of  ore,  the  ratio  of  ore  to  flux  being  4 :  1.     The  loss  in 
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weight  of  the  charge  corresponds  substantially  to  the  replace- 
ment of  sulphur  by  oxygen,  and  the  expulsion  of  carbon  diox- 
ide. The  finished  charge  contains,  on  the  average,  from  3  to  5 
per  cent,  of  sulphur.  This  is  about  the  same  as  the  result 
achieved  in  good  practice  in  roasting  lead-bearing  ores  in  hand- 
worked reverberatory  furnaces ;  but  curiously  the  "H.-H."  prod- 
uct, in  some  cases  at  least,  does  not  yield  any  matte,  to  speak 
of,  in  the  blast-furnace,  the  product  delivered  to  the  latter 
being  evidently  in  such  condition  that  the  remaining  sulphur 
is  almost  completely  burned  oft'  in  the  blast-furnace.  This  is 
an  important  saving  efiected  by  the  process.  In  calculating 
the  value  of  an  ore,  sulphur  is  commonly  debited  at  the  rate  of 
25c.  per  unit,  which  represents  approximately  the  cost  of  hand- 
ling and  reworking  the  matte  resulting  from  it.  The  practi- 
cally complete  elimination  of  matte-fall  rendered  possible  by 
the  "  H.-H."  process,  however,  may  not  be  an  unmixed  bless- 
ing. There  may  be,  for  example,  a  small  formation  of  lead 
sulphide,  which  causes  trouble  in  the  crucible  and  lead-well; 
and  results  in  furnace  difficulties  and  the  presentation  of  a  vexa- 
tious between-product. 

It  may  now  be  attempted  to  summarize  the  cost  of  the  con- 
verting process.  Assuming  the  case  of  an  ore  assaying  lead, 
50;  iron,  15;  sulphur,  22;  silica,  8,  and  alumina,  etc.,  5 
per  cent.,  let  it  be  supposed  that  it  is  to  be  fluxed  with  pure 
limestone  and  pure  quartz,  with  the  aim  to  make  a  slag  con- 
taining silica,  30;  ferrous  oxide,  40;  and  lime,  20  per  cent. 
A  ton  of  ore  will  make,  in  round  numbers,  1,000  lb.  of  slag,  and 
will  require  344  lb.  of  limestone  and  130  lb.  of  quartz,  or, 
roughly,  one  ton  of  flux  must  be  added  to  four  tons  of  ore, 
wherefore  the  ore  will  constitute  80  per  cent,  of  the  charge.  In 
reducing  the  charge  to  3  per  cent,  of  sulphur  it  will  lose  ulti- 
mately, through  expulsion  of  sulphur  and  carbon  dioxide  Cof 
the  limestone),  about  20  per  cent,  in  weight,  wherefore  the 
quantity  of  material  to  be  smelted  in  the  blast>furnace  will  be 
practically  equivalent  to  the  raw  sulphide-ore  in  the  charge  for 
the  roasting-furnaces,  but  in  the  roasting-furnace  the  charge  is 
likely  to  gain  weight,  because  of  the  formation  of  sulphates. 
Taking  the  charge,  which  I  have  assumed  above,  and  reckon- 
ing that  as  it  came  from  the  roasting-furnace  it  will  contain  10 
per  cent,  of  sulphur,  all  in  the  form  of  sulphate,  either  of  lead 
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or  of  lime,  and  that  the  iron  be  entirely  converted  to  ferric  ox- 
ide, in  spite  of  the  expulsion  of  the  carbon  dioxide  of  the  lime- 
stone and  the  combustion  of  a  portion  of  the  sulphur  of  the  ore 
as  sulphur  dioxide,  the  charge  will  gain  in  weight  in  the  ratio 
of  1:1.18.  This,  however,  is  too  high,  inasmuch  as  a  portion 
of  the  sulphur  will  remain  as  sulphide,  while  a  portion  of  the 
iron  may  be  as  ferrous  oxide.  The  actual  gain  in  weight  will 
consequently  be  probably  not  more  than  one-tenth.  The  fol- 
lowing theoretical  calculation  will  illustrate  the  changes : 

Semi-Roasted 
Raw  Charge.  Charge.  Finished  Charge. 

f  1,000  lb.  Pb.  r  1,1 54  lb.  PbO.  f  1, 154  lb.  PbO. 

300  lb.  Fe.  I     428  lb.  Fe^Og.  (?)  |     428  lb.  Fe.A-  (?) 

160  lb.  SiO.,.  ore  -|      160  lb.  SiO,.  ore  -j      160  lb.  SiO,. 

100  lb.  Al.ba,  etc.  |      100  lb.  Al^Os,  etc.  j      100  lb.  AI263,  etc. 

L     440  lb.  S.  L     300  lb.  S.  I       68  lb.  S. 

\     130  lb.  SiOj,.  r    130  lb.  SiO,.  f     130  lb.  SiO^. 

flux  -}     344  lb.  CaCOs.        flux   \     193  lb.  CaO.  flux    J      193  lb.  CaO. 

[ [     4501b.  O.  [ 


2,474  1b.  2,915  1b.  2,2331b. 

10  per  cent.  S.  3  per  cent.  S. 

Eatios  : 

2,474  :  2,915  ::  1  :  1.18. 
2,915  :  2,233  : :  1  :  O.763. 
2,474:  2,233:  :  1:  0.90. 

It  may  be  assumed  that  for  every  ton  of  charge  (containing 
about  80  per  cent,  of  ore)  there  will  be  1.1  tons  of  material  to 
go  to  the  converter,  and  that  the  product  of  the  latter  will  be 
0.9  of  the  weight  of  the  original  charge  of  raw  material. 

Each  converter  requires  400  cu.  ft.  of  air  per  min.  The  blast- 
pressure  is  variable,  as  different  pots  are  always  at  different 
stages  of  the  process ;  but  assuming  the  maximum  of  16  oz.  pres- 
sure, with  a  blast  main  of  sufficient  diameter  (at  least  15  in.) 
and  the  blower  reasonably  near  the  batter}-  of  pots,  the  total  re- 
quirement is  21  h.p.  The  cost  of  converting  will  be  approxi- 
mately as  follows : 

Labor:     3  foremen  at  $3.20,  .  5  9.60 

9  men  at  2.50,        .  .  22.50 

Power:  21  h.p.  at  30c.,        .  .  6.30 

Supplies,  repairs  and  renewals  .  5.00 

Total, §43.40  =  60c.  per  ton  of  charge. 
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The  cost  of  converting  is,  of  course,  reduced  directly  as  the 
time  is  reduced.  The  above  estimate  is  based  on  unfavorable 
conditions  as  to  time  required  for  working  a  charge. 

The  total  cost  of  treatment  from  the  initial  stag-e  to  the  de- 
livery  of  the  desulphurized  ore  to  the  blast-furnaces,  will  be,  per 
2,000  lb.  of  charge,  approximately  as  follows : 

Crushing,   1.0  ton  at  10c. , $0.10 

Mixing,  1.0  ton  at  lOc, 0.10 

Koasting,   1.0  ton  at  63c.,      .         .         .         .         .         .         .0.63 

Delivering,   1.1  tons  to  converters  at  12c.,     ....       0.13 

Converting,  1.1  tons  at  60c. ,  .         .         .         .         .         .         .0.66 

Breaking,  0.9  ton  at  60c., 0.54 

Total, $2.16 

The  cost  per  ton  of  ore  will  be  2.16  -^  0.80  =  |2.70.  Mak- 
ing allowance  for  the  crushing  of  the  ore,  which  is  not  ordi- 
narily included  in  the  cost  of  roasting,  and  possibly  some  over- 
estimates, it  appears  that  the  cost  of  desulphurization  by  this 
method,  under  the  conditions  assumed  in  this  paper,  is  rather 
higher  than  in  good  practice  with  ordinary  hand-worked  fur- 
naces, but  it  is  evident  that  the  cost  can  be  reduced  to  approxi- 
mately the  same  figure  by  the  introduction  of  improvements,  as, 
for  example,  in  breaking  the  desulphurized  ore,  and  by  short- 
ening the  time  of  converting,  which  is  possible  in  the  case  of 
favorable  ores.  The  chief  advantage,  however,  must  be  in  the 
further  stage  of  the  smelting.  As  to  this,  there  is  the  evidence 
that  the  Broken  Hill  Proprietary  Co.,  after  the  introduction  of 
the  Huntington-Heberlein  process,  was  able  to  smelt  the  same 
quantity  of  ore  in  seven  furnaces  that  formerly  required  thir- 
teen. A  similar  experience  is  reported  at  Friedrichshiitte, 
Silesia. 

This  increase  in  the  capacity  of  the  blast-furnace  is  due  to 
three  things :  (1)  in  delivering  to  the  furnace  a  charge  con- 
taining a  reduced  percentage  of  fine  ore,  the  speed  of  the  fur- 
nace is  increased — i.e.,  more  tons  of  ore  can  be  smelted  per  sq. 
ft.  of  hearth-area ;  (2)  there  is  less  roasted  matte  to  go  into 
the  charge  ;  (3)  under  some  conditions  the  percentage  of  lead 
in  the  charge  can  be  increased,  reducing  the  quantity  of  gangue 
that  must  be  fluxed. 

It  is  diflicult  to  generalize  the  economy  that  is  effected  in  the 
blast-furnace  process,  since  this  must  necessarily  vary  within 
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wide  limits  because  of  the  difterence  in  conditions.  An  in- 
crease of  from  60  to  100  per  cent,  in  blast-furnace  capacity  does 
not  imply  a  corresponding  reduction  in  the  cost  of  smelting. 
The  fuel-consumption  per  ton  of  ore  remains  the  same.  There 
is  a  saving  in  the  power  requirements,  because  the  smelting  can. 
be  done  with  a  lower  blast-pressure ;  also,  a  saving  in  the  cost 
of  re-working  matte.  Moreover,  there  will  be  a  saving  in  other 
labor,  in  so  far  as  portions  thereof  are  not  already  performed  at 
the  minimum  cost  per  ton.  The  net  result  under  American 
conditions  of  silver-lead  smelting  can  be  determined  closely  only 
by  extensive  operations.  That  there  will  be  an  important  sav- 
ing, however,  there  is  no  doubt. 

The  cost  of  smelting  a  ton  of  charge  at  Denver  and  Pueblo, 
exclusive  of  roasting  and  general  expense,  is  about  $2.50,  ot 
which  about  $0.84  is  for  coke  and  $1.66  for  labor,  power  and 
supplies.  General  expense  amounts  to  about  $0.16  additional. 
If  it  should  prove  possible  to  smelt  in  a  given  plant  50  per  cent. 
more  ore  than  at  present  without  increase  in  the  total  expense, 
except  for  coke,  the  saving  per  ton  of  charge  would  be  70c. 
That  is  not  to  be  expected,  but  the  half  of  it  would  be  a  satis- 
factory improvement.  With  respect  to  sulphur  in  the  charge,, 
the  cost  is  commonly  reckoned  at  25c.  per  unit.  As  compared 
with  a  charge  containing  2  per  cent,  of  sulphur  there  would  be 
a  saving  rising  toward  50c.  per  ton  as  the  maximum.  It  is 
reasonable,  therefore,  to  reckon  a  possible  saving  of  75c.  per 
ton  of  charge  in  silver-lead  smelting,  no  saving  in  the  cost  ot 
roasting,  and  an  increase  of  about  3  per  cent,  in  the  extraction 
of  lead,  and  perhaps  1  per  cent,  in  the  extraction  of  silver,  as 
the  net  results  of  the  application  of  the  Huntington-Heberlein 
process  in  American  silver-lead  smelting. 

On  a  charge  averaging  12  per  cent,  of  lead  and  33  oz.  of  sil- 
ver per  ton,  an  increase  of  3  per  cent,  in  the  extraction  of  lead, 
and  1  per  cent,  in  the  extraction  of  silver  would  correspond  to 
25c.  and  20c.,  respectively,  reckoning  lead  at  3.5c.  per  lb.,  and 
silver  at  60c.  per  oz.  In  this,  however,  it  is  assumed  that  all 
lead-bearing  ores  will  be  desulphurized  by  this  process,  which 
practically  will  hardl}'  be  the  case.  A  good  deal  of  pyrites, 
containing  only  a  little  lead,  will  doubtless  continue  to  be  roasted 
in  Bruckner  cylinders,  and  other  mechanical  furnaces,  which 
are  better  adapted  to  the  purpose  than  are  the  lime-roasting 
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pots.  Moreover,  a  certain  proportion  of  high-grade  lead-ore, 
which  is  now  smelted  raw,  will  be  desulphurized  outside  of  the 
furnace,  at  additional  expense.  It  is  comparatively  simple  to 
estimate  the  probable  benefit  of  the  Huntington-Heberlein  pro- 
cess in  the  case  of  smelting-works  which  treat  principally  a 
single  class  of  ore,  but  in  such  works  as  those  in  Colorado  and 
Utah,  which  treat  a  wide  variety  of  ores,  we  must  anticipate  a 
combination  process,  and  await  results  of  experience  to  deter- 
mine just  how  it  will  work  out.  It  should  be  remarked,  more- 
over, that  my  estimates  do  not  take  into  account  the  royalty  on 
the  process,  which  is  an  actual  debit,  whether  it  be  paid  on  a 
tonnage-basis  or  be  commuted  in  the  form  of  a  lump  sum  for 
the  license  to  its  use. 

However,  in  view  of  the  immense  tonnage  of  ore  smelted 
annually  for  the  extraction  of  silver  and  lead,  it  is  evident  that 
the  invention  of  lime-roasting  by  Huntington  and  Heberlein 
was  an  improvement  of  the  first  order  in  the  metallurgy  of 
lead. 

In  the  case  of  non-argentiferous  galena,  containing  65  per 
cent,  of  lead  (as  in  southeastern  Missouri),  comparison  may  be 
made  with  the  slag-roasting  and  blast-furnace  smelting  of  the 
ore.  Here,  no  saving  in  cost  of  roasting  may  be  reckoned, 
and  no  gain  in  the  speed  of  the  blast-furnaces  is  to  be  antici- 
pated. The  only  savings  will  be  in  the  increase  in  the  extrac- 
tion of  lead  from  92  to  98  per  cent.,  and  the  elimination  of 
matte-roasting,  which  may  be  reckoned  as  amounting  to  50c. 
per  ton  of  ore.  The  extent  of  the  advantage  over  the  older 
method  is  so  clearly  apparent  that  it  need  not  be  computed  any 
further.  In  comparison  with  the  Scotch-hearth  bag-house 
method  of  smelting,  however,  the  advantage,  if  any,  is  not  so 
certain.  That  method  already  saves  98  per  cent,  of  the  lead, 
and,  on  the  whole,  is  probably  as  cheap  in  operation  as  the 
Huntington-Heberlein  could  be  under  the  same  conditions. 
The  Huntington-Heberlein  method  has  replaced  the  old  roast- 
reaction  method  at  Tarnowitz,  Silesia,  but  the  American  Scotch- 
hearth  method,  as  practiced  near  St.  Louis,  is  likely  to  sur- 
vive. 

A  more  serious  competitor,  however,  will  be  the  Savelsberg 
process,  which  appears  to  do  all  that  the  Huntington-Heberlein 
process  does,  without  the  preliminary  roasting.    Indeed,  if  the 
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latter  be  omitted  (together  with  its  estimated  expense  of  63c. 
per  ton  of  charge,  or  79c.  per  ton  of  ore),  all  that  has  been  said 
in  this  paper  as  to  the  Huntington-Heberlein  process  may  be 
construed  as  applying  to  the  Savelsberg.  The  charge  is  pre- 
pared in  the  same  way,  the  method  of  operating  the  converters 
is  the  same,  and  the  results  of  the  reactions  in  the  converters 
are  the  same.  The  litigation  which  is  pending  between  the 
two  interests,  Messrs.  Huntington  and  Heberlein  claiming  that 
Savelsberg  infringes  their  patent,  will  be,  however,  a  deterrent 
to  the  extension  of  the  Savelsberg  process  until  that  matter  be 
settled. 

The  Carmichael-Bradford  process  may  be  dismissed  with  a 
few  words.  It  is  similar  to  tliB  Savelsberg,  except  that  gypsum 
is  used  instead  of  limestone.  It  is  somewhat  more  expensive, 
because  the  gypsum  has  to  be  ground  and  calcined.  The  pro- 
cess works  efficiently  at  Broken  Hill,  but  it  can  hardly  be  of 
general  application,  because  gypsum  is  likely  to  be  too  expen- 
sive, except  in  a  few  favored  localities.  The  ability  to  utilize 
the  converter-gases  for  the  manufacture  of  sulphuric  acid  will 
cut  no  great  figure,  save  in  exceptional  cases,  as  at  Broken 
Hill;  and,  anyway,  the  gases  of  the  other  processes  can  be 
utilized  for  the  same  purpose,  which  is,  in  fact,  being  done  in 
connection  with  the  Huntington-Heberlein  process  in  Silesia. 

The  cost  of  desulphurizing  a  ton  of  galena-concentrate  by 
the  Carmichael-Bradford  process  is  estimated  by  the  company 
controlling  the  patents  as  follows,  labor  being  reckoned  at  $1.80 
per  8  hr.,  gypsum  at  $2.40  per  2,240  lb.,  and  coal  at  $8.40 
per  2,240  lb. : 


0.25  ton  of  gypsum, 

Dehydrating  and  granulating  gypsum, 

Drying  mixture  of  ore  and  gypsum, 

Converting,    ..... 

Spalling  sintered  material,     . 

0.01  ton  coal,  .... 


Total. 


$0.60 
0.48 
0.12 
0.24 
0.12 
0.08 


§1.64 


The  value  of  the  lime  in  the  sintered  product  is  credited  at 
12c.,  making  the  net  cost  $1.52  per  2,240  lb.  of  ore. 

The  low  cost  allowed  for  converting  may  be  explained  by 
the  more  rapid  action  that  seems  to  be  attained  with  the  ores 
of  Broken  Hill  than  with  some  ores  that  are  treated  in  North 
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America,  but  the  low  figure  estimated  for  spalling  the  sintered 
material  appears  to  be  highly  doubtful. 

The  theory  of  the  lime-roasting  processes  is  not  yet  well 
established.  It  is  recognized  that  the  explanation  offered  by 
Huntington  and  Heberlein  in  their  original  patent  specification 
is  erroneous.  There  is  no  good  evidence  in  the  process,  or  any 
other,  of  the  formation  of  the  higher  oxide  of  lime,  which  they 
suggest. 

At  the  present  time  there  are  two  views.  In  one,  formulated 
most  explicitly  by  Professor  Borchers,  there  is  formed  in  this 
process  a  calcium  plumbate,  which  is  an  active  oxidizing  agent. 
A  formation  of  this  substance  Avas  also  described  by  Carmichael 
in  his  original  patent;  but  he  considered  it  to  be  the  final  prod- 
uct, not  the  active  oxidizing  agent. 

In  the  other  view,  the  lime,  or  limestone,  serves  merely  as  a 
diluent  of  the  charge,  enabling  the  air  to  obtain  access  to  the 
particles  of  galena,  without  liquefaction  of  the  latter.  The  oxi- 
dation of  the  lead  sulphide  is  therefore  effected  chiefly  by  the 
air,  and  the  process  is  analogous  to  what  takes  place  in  the  Bes- 
semer converter  or  in  the  Germot  process  of  smelting,  or  per- 
haps more  closely  to  what  might  happen  in  an  ordinary  roast- 
ing-furnace  provided  with  a  porous  hearth,  through  which  the 
air-supply  would  be  introduced.  Boasting-furnaces  of  that  de- 
sign have  been  proposed,  and,  in  fact,  such  a  construction  is 
now  being  tested  for  blende-roasting  in  Kansas. 

Up  to  the  present  time,  the  evidence  is  surely  too  incomplete 
to  enable  a  definite  conclusion  to  be  reached.  Some  facts,  how- 
ever, may  be  stated. 

There  is  already  reaction  to  a  certain  extent  between  lead 
sulphide  and  lead  sulphate,  as  in  the  reverberatory  smelting- 
furnace,  because  prills  of  metallic  lead  are  to  be  observed  in 
the  lime-roasted  charge. 

There  is  a  formation  of  sulphuric  acid  in  the  lime-roasting, 
upon  the  oxidizing  effect  of  which  Savelsberg  lays  considerable 
stress,  because  its  action  is  to  be  observed  on  the  iron-work  of 
the  pipes  in  which  it  condenses. 

Calcium  sulphate,  which  is  present  in  all  of  the  processes, 
being  specifically  added  in  the  Carmichael-Bradford,  evidently 
plays  an  important  chemical  part,  because  not  only  is  the  sul- 
phur trioxide  expelled  from  the  artificial  gypsum,  but  also  it  is 
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to  a  considerable  extent  expelled  from  the  natural  gypsum, 
which  is  added  in  the  Carmichael-Bradford  process ;  in  other 
words,  more  sulphur  is  given  ofl"  by  the  charge  than  is  con- 
tained by  the  metallic  sulphides  alone. 

Further  evidence  that  lime  does,  indeed,  play  a  chemical  part 
in  the  reaction  is  presented  by  the  phenomena  of  lime-roasting 
in  clay  dishes  in  the  assay-muffle,  wherein  the  air  is  certainly 
not  blown  through  the  charge,  which  is  simply  exposed  to 
superficial  oxidation,  as  in  ordinary  roasting. 

The  desulphurized  charge  dropped  from  the  pot  is  certainly 
much  below  the  temperature  of  fusion,  even  in  the  interior, 
but  we  have  no  evidence  of  the  precise  temperature  conditions 
during  the  process  itself. 

Pyrite  and  even  zinc-blende  in  the  ore  are  completely  oxi- 
dized.    This,  at  least,  indicates  intense  atmospheric  action. 

The  papers  by  Borchers,''  Doeltz,^  Guillemain^  and  Hutchings^*^ 
may  profitably  be  studied  in  connection  with  the  reactions 
involved  in  lime-roasting.  The  conclusion  will  be,  however, 
that  their  precise  nature  has  not  yet  been  determined.  In  view 
of  the  great  interest  that  has  been  awakened  by  this  new  de- 
parture in  the  metallurgy  of  lead,  it  is  to  be  expected  that  much 
experirhental  work  will  be  devoted  to  it,  which  will  throw  light 
upon  its  principles,  and,  possibly,  develop  it  from  a  mere  pro- 
cess of  desulphurization  into  one  which  will  yield  a  final  prod- 
uct in  a  single  operation. 

■^  Metallurc/ie,  vol.  ii.,  pp.  1  to  6  (1905)  ;  Engineering  and  Mining  Journal,  vol. 
Ixxx.,  pp.  398  to  400  (1905). 

*  Metallurgie,  vol.  ii. ,  pp.  460  to  463  (1905)  ;  Engineering  and  Mining  Journal, 
vol.  Ixxxi.,  pp.  175  to  176  (1906). 

*  Metallurgie,  vol.  ii.,  pp.  433  to  443  (1905)  ;  Engineering  and  Mining  Journal, 
vol.  Ixxxi.,  pp.  470  to  471  (1906). 

^^  Engineering  and  Mining  Journal,  vol.  Ixxx.,  pp.  726  to  728  (1905). 
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The    Design  of  Blast-Furnace    Gas-Engines    in   Belgium.* 

BY  PROFESSOR  H.    HUBERT,  LIEGE,    BELGIUM. 

(London  Meeting,  July,  1906.) 

The  first  attempts  at  direct  utilization  of  blast-furnace  gas 
in  engines  were  made  in  1895.  For  a  considerable  time  the 
gas  had  been  burnt  in  Cowper  stoves  for  heating  the  blast  for 
the  furnace,  and  under  the  boilers  which  supplied  steam  to  the 
blowing-engines,  and  others  serving  the  furnaces.  It  was 
natural,  therefore,  that  the  idea  of  directly  employing  it  in 
gas-engines  should  have  occurred  simultaneously  to  several 
engineers,  notably  to  Liirmann  and  to  Lencauchez,  who  had 
pointed  out  the  blast-furnace  as  a  powerful  gas-producer. 
Nevertheless,  nowhere  had  any  attempt  been  made  to  apply  it 
to  this  purpose  up  to  the  end  of  1894,  when  Thwaite  proposed  it 
to  Mr.  James  Riley,  of  the  Glasgow  Iron  &   Steel  Company. 

About  the  same  time  investigations  were  being  made  in 
Belgium  and  in  Germany,  independently  of  Thwaite's  experi- 
ments, which  were  not  generally  known  on  the  Continent. 

The  industrial  world,  which  up  to  that  time  had  hardly 
favored  the  idea,  had  thus  been  gradually  prepared  to  receive  it. 
The  gas-engine,  long  restricted  to  small  sizes  and  dependent 
upon  the  use  of  an  expensive  fuel  obtainable  only  in  large  cen- 
ters, now  began  to  make  headway. 

At  the  Paris  Exhibition  of  1889  two  engines  of  100  h.p. 
were  shown  and  excited  much  interest  among  engineers. 
One  had  four  cylinders,  and  was  made  at  the  celebrated  works 
of  the  Deutz  Company,  and  the  other  was  a  single-cylinder 
engine,  exhibited  by  two  French  designers,  Messrs.  Delamare- 
Deboutteville  and  Malandin. 

In  the  meanwhile  the  design  of  gas-producers  had  made  im- 
portant progress,  completely  freeing  the  new  engine  from  its 


*  Presented  at  the  .Joint  Meeting  of  the  Iron  and  Steel  Institute  and  the  Ameri- 
can Institute  of  Mining  Engineers,  London,  July,  1906,  and  here  published 
under  a  mutual  agreement  between  the  Councils  of  the  two  Institutes. 
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dependence  on  the  gas-works,  enabling  it  to  be  installed  any- 
where, and  to  realize  to  the  full  extent  its  economic  value  by 
supplying  it  with  a  cheaper  fuel. 

In  1892  Delamare  installed  at  the  Moulins  Leblanc  Works 
at  Pantin  a  four-cycle,  single-acting,  single-cylinder  engine, 
using  producer-gas,  and  developing  220  b.h.p,,  with  a  con- 
sumption of  about  1  lb.  of  coal  per  b.h.p.  per  hr.  Despite 
the  difficulties  met  with  in  this  bold  attempt,  it  showed  the 
possibility  of  economically  producing  high  power  "^vith  poor 


The  time  had  now  arrived  for  engineers  to  pay  attention  to 
the  use  of  gas  from  blast-furnaces,  which,  although  not  of  great 
heating  value,  was  less  costly;  and  was  the  more  suitable  on 
account  of  the  progress  which  had  been  made  in  the  design 
and  working  of  blast-furnaces,  the  proportionally  lower  con- 
sumption of  coke,  and,  as  a  result,  the  marked  reduction  in 
the  relative  quantity  of  combustible  gases,  which  only  sufficed, 
with  difficulty,  to  heat  the  blast  and  to  produce  the  steam  re- 
quired about  the  furnaces.  Finally,  the  progress  of  the  science 
of  heat  had  brought  to  light  the  causes  of  the  low  thermal  effi- 
ciency of  the  steam-engine,  and  notably  of  the  loss  resulting 
from  the  employment  of  boilers. 

Therefore  it  is  not  surprising  that  the  idea  of  dispensing  with 
the  boiler  and  burning  the  blast-furnace  gases  directly  in  the 
engine  occurred,  nearly  simultaneously,  in  three  countries, 
where  metallurgical  industry  had  made  great  progress. 

To  Messrs.  Bailly  and  Kraft,  of  the  Cockerill  Company,  be- 
longs the  honor  of  being  the  first  in  the  field  in  Belgium. 
The  patent  taken  out  by  the  Cockerill  Company  for  this  new 
application  was  dated  May  15,  1895,  and  the  first  trials  were 
made  at  the  end  of  that  year.  They  were  made  with  a  Simplex 
engine  of  8  h.p.,  in  which  it  had  only  been  sought  to  reduce 
the  clearance-space,  in  order  to  increase  the  compression  and 
to  facilitate  the  ignition  of  the  mixture.  The  gas-cleaning  was 
very  imperfect,  and  was  carried  out  simply  by  passing  it  through 
two  scrubbers,  4  m.  in  height. 

This  engine  displayed  perfect  elasticity,  and  adapted  itself  to 
the  variations  of  composition,  pressure  and  temperature  of  the 
gases,  giving  an  efficiency  of  77  per  cent. 
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I  have  described'  the  results  of  the  first  trials,  and  the  con- 
ditions necessary  for  the  direct  use  of  blast-furnace  gases, 
showing  that  a  plant  producing  100  tons  of  pig-iron  per  day 
was  able  to  furnish  about  18,000  cu.  m.  of  gas  per  hr.  with  a 
calorific  value  of  1,000  calories.  Taking  into  consideration 
that  half  this  volume  is  available,  and  allowing  for  an  effi- 
ciency of  only  20  per  cent,  in  the  engines,  I  showed  that  it 
would  be  possible  to  obtain  from  these  gases  about  3,000 
horse-power. 

The  small  trial  engine  consumed  about  5  cu.  m.  per  b.h.p., 
which  reduces  the  preceding  figures  to  1,800  h.p. ;  but  I 
foresaw  at  the  time  that  this  consumption  ere  long  would  be 
greatly  reduced,  and  that  blowing-engines  driven  by  gas  would 
be  built.  I  also  foresaw  that,  by  disposing  of  the  great  sur- 
plus motive  power,  the  blast-furnace  would  ultimately  become 
a  center  for  the  production  of  energy  for  works  surrounding, 
the  boilers  of  which  it  would  gradually  supersede. 

This  remarkable  progress  was  described  by  Mr.  E.  P.  Mar- 
tin, President  of  the  Iron  and  Steel  Institute,  in  his  Presiden- 
tial Address  of  1897." 

At  the  meeting  of  the  Institute  on  May  3,  1898,  M.  A. 
Greiner  discussed''  the  results  published  up  to  that  time,  which 
included  my  paper  of  February,  1897,  a  note  by  Galbraith  and 
Rowden  on  November  18, 1897,  one  byLencauchez  on  Novem- 
ber 8,  1897,  and  another  by  Liirmann  on  February  27,  1898. 

Mr.  Greiner  combated  the  objections  which  had  been  spe- 
cially raised  against  this  new  method  of  employing  gas  by 
German  metallurgists  at  the  Diisseldorf  meeting,  and  gave 
reasons  for  his  belief  that  the  consumption  would  be  reduced 
below  4  cu.  m.  per  b.h.p.  per  hr.,  and  that  the  blast-furnace 
would  be  able,  by  superseding  the  steam-boiler  as  an  interme- 
diary in  the  production  of  motive  power,  to  place  at  the  dis- 
posal of  the  engineer  20  h.p.  per  ton  of  pig  produced  daily. 

Experience  soon  verified  these  forecasts.  The  Cockerill 
Company  have  constructed,  with  the  collaboratioji  of  Mr. 
Delamare,  a  four-cycle,  single-cylinder  engine  of  the  Simplex 
type,  which,  in  the  24-hr.  trials,  at  which  I  had  the  honor  to 

'  Annates  des  Mines  de  Belgique,  1897. 

^  Journal  of  the  Iron  and  Steel  Institute,  vol.  li.,  No.  1,  pp.  19  to  40  (1897). 

^  Journal  of  the  Iron  and  Steel  Institute,  vol.  liii.,  No.  1,  pp.  21  to  31  (1898). 
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collaborate  with  Professor  A.  "Witz,  gave  1  b.h.p.  for  aii  aver- 
age consumption  of  3.329  cu.  m.  of  a  gas  possessing  a  calorific 
povrer  of  981  calories — say  3,266  calories.  (This  figure  has 
since  been  reduced  to  3,162.) 

The  principal  dimensions  of  this  engine  are :  diameter  of 
cylinder,  0.8  m. ;  stroke  of  piston,  1  m. ;  rev.  per  min.,  105; 
i.h.p.,  213;  b.h.p.,  182. 

The  construction  of  this  engine  is  worthy  of  note.  The 
cylinder  proper  is  cast  with  a  breech  carrying  at  its  lower  por- 
tion the  exhaust-valve,  and  at  the  back  a  cylindrical  prolonga- 
tion in  which  the  admission-valve  is  placed.  This  breech  or 
cylinder-head  has  its  own  water-jacket,  and  is  provided  towards 
the  front  with  flanges  bolted  to  the  cylinder-jacket,  which  is 
a  part  of  the  cylinder  bayonet  casing. 

The  shaft  is  not  cranked,  and  carries  a  heavy  fly-wheel.  The 
piston  is  made  in  one  piece,  and  is  not  chilled.  The  compression 
does  not  exceed  7  kg.  The  sparking  is  eflfected  by  Delamare's 
system,  in  which  a  succession  of  sparks,  produced  by  a  Ruhm- 
korfi"  coil,  is  emitted  from  a  slide-valve  on  the  back  of  the  cyl- 
inder when  its  opening  comes  opposite  to  an  orifice  bored  in 
the  back.  The  movement  of  the  sliding-valve,  and  similarly 
of  the  other  valves,  is  made  by  a  crank  and  by  cams  keyed  on 
to  an  auxiliary  shaft,  parallel  to  the  cylinder  and  revolving  at 
half  the  speed  of  the  main  shaft.  The  governing  is  eft'ected 
by  the  hit-and-miss  arrangement  by  means  of  Delamare's  air 
governor. 

Starting  is  efiiected  by  turning  the  fly-wheel,  by  a  hand- 
wheel,  and  by  admitting  a  charge  of  carbureted  air,  the  explo- 
sion of  which  starts  the  engine. 

The  success  of  this  engine,  which  worked  perfectly  without 
the  gas  being  cleaned  as  effectively  as  is  now  done,  and  is  still 
running  after  being  eight  years  in  service  at  Cockerill's,  en- 
couraged them  to  build  a  much  more  powerful  type  of  engine 
capable  of  directly  operating  a  blowing-apparatus  of  600  h.p., 
and  consequently  of  liberating  the  blast-furnace  from  its  de- 
pendence upon  the  boiler. 

Though  the  enterprise  was  considered  rash,  they  still  went 
on  with  the  attempt,  which  was  logically  justified,  seeing  that 
in  modern  steam-driven  blast-furnace  installations  the  gas  pro- 
duced is  only  just  sufficient  for  the  requirements  of  the  fur- 
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naces.  To  procure  gas  in  excess  it  was  necessary  to  commence 
by  replacing  the  existing  engines  by  the  more  economical  gas- 
engines,  for  by  such  means  only  would  gas  be  available.  It  is 
necessary  to  commence  with  gas-driven  blowing-apparatus.  A 
motor  of  this  description  attracted  much  attention  at  the  Paris 
Universal  Exhibition  of  1900.  Another,  coupled  with  its  blow- 
ing-apparatus, in  the  blast-furnace  department  of  the  Cockerill 
Company,  and  started  up  on  November  20, 1899,  was  submitted 
by  me  to  a  series  of  trials  on  March  20  and  21,  1900. 

The  features  of  this  remarkable  engine  were  as  follows:  regu- 
lation by  the  method  of  "  hit  and  miss,"  that  is  to  say,  sup- 
pression of  an  admission  of  gas  complete ;  diameter  of  cylin- 
der, 1.300  m. ;  stroke  of  piston,  1.400  m. ;  rev.  per  min.,  94.4. 

r  fwith  89  p.  ct.  admis- 

■p  Indicated  horse-power,  ....  786  J      sion    and   11    p.    ct. 

I  Effective  brake  horse-power,  .  .  .  575  i  "hit  and  miss"  by 
I  [     the  governor. 

Consumption  perindicated  horse-power  hour,  2.556  cu.  m.  or  2,515  calories. 
[Consumption  per  brake  horse-power  hour,  .   3.495 cu.  m.  or 3,440 calories. 

Number  of  revolutions  per  minute,       .         .  93 

Indicated  horse-power,  ....  886.5  (  full  charge  without 
-|  Effective  brake  horse-power,        .         .         .   725     I     "  hit  and  miss." 

Consumption  per  indicated  horse-power  hour,  2.334  cu.  m  or  2,343  calories. 

Consumption  per  brake  horse-power  hour,  .   2.853  cu.  m.  or  2,864  calories. 


brake 

tests. 


The  method  of  construction  of  the  200-h.p.  motor  had  gen- 
erally been  retained,  saving  that  the  main  bearings  were  sepa- 
rated from  the  cylinder-casing,  and  were  connected  by  four 
strong  screwed  steel  stay-bolts,  giving  easy  access  to  the  piston. 
The  shaft  was  cranked  and  rested  on  three  bearings  to  support 
the  fly-wheel,  which  weighed  33  tons.  The  piston-rod  trav- 
ersed the  back  space  in  a  stuffing-box. 

The  admission-valves  were  retained  below  like  those  of  the 
exhaust.  The  admission  of  gas  was  carried  out  by  separate 
valves  placed  in  a  valve-box,  separated  from  the  cylinder  by 
a  third  valve  called  the  mixture-valve.  The  methods  of  work- 
ing the  valves  and  those  of  the  ignition  slide-valve  were  re- 
tained. The  regulation  was  carried  out  by  "  hit  and  miss." 
The  pressure  attained  9  kg.  per  sq.  cm.  The  circulation  of 
water  extended  to  the  head  and  to  the  piston-rod  itself,  to 
which  the  water  penetrated  by  means  of  flexible  pipes,  which 
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adapted  themselves  to  its  movement.  The  exhaust-valve  was 
also  cooled.  This  was  done  with  the  object  of  preventing  the 
ignition  of  the  mixture  by  the  dust,  which,  combining  with  the 
products  of  the  decomposed  oils  on  the  piston  or  in  the  recesses 
of  the  explosion-chamber,  might  form  concretions  retaining  a 
temperature  high  enough  to  ignite  the  gases. 

The  arrangement  of  all  the  valves  at  the  under-side  of  the 
cylinder  was  such  as  to  facilitate  the  sweeping-out  of  the  dust 
and  decomposed  oil,  and  to  allow  these  large  engines  to  work 
equally  as  well  as  the  200-h.p.  engines  without  having  recourse 
to  a  more  perfect  gas-cleaning  process.  This  hope  was  ill- 
founded.  It  became  necessary  to  interpose,  between  the  blast- 
furnace and  the  large  engines  of  this  class,  apparatus  capa- 
ble of  reducing  the  dust  held  in  suspension  by  the  gas  to 
0.02  g.  per  cu.  m.  The  means  now  used  in  Belgium  are 
centrifugal  fans  with  water  injection,  and  Theisen,  Bian, 
and  Zschocke  apparatus.  The  latter  are  not,  strictly  speak- 
ing, purifiers ;  they  are  rather  coolers.  As  they  are  not  the 
invention  of  Belgian  engineers,  and  as  they  will  be  made  the 
subject  of  another  paper,  it  is  not  necessary  to  deal  further 
with  them. 

As  is  well  known,  the  novel  idea  of  the  Cockerill  Company 
was  vigorously  discussed  by  engineers,  who  saw  therein  an 
economic  mistake,  and  maintained  that  it  was  better  to  divide 
the  power  between  two  or  four  cylinders.  The  designers,  nev- 
ertheless, knew  perfectly  well  that  they  could  obtain  in  this 
way,  for  a  600-h.p.  engine,  a  more  regular  and  perhaps  more 
economical  engine.  They  had  already,  however,  studied  the 
two-cylinder  tandem  types  of  600  and  1,200  h.p.  One  of  Cock- 
erill's  licensees,  Messrs.  Breitfeld,  Danek  of  Prague,  had  since 
1901  constructed  a  four-cylinder,  double  tandem  engine  of  600 
h.p.  giving  remarkably  even  running ;  but  Messrs.  Cockerill 
wished  to  demonstrate  that  it  was  practically  possible  to  de- 
velop 600  h.p.  by  means  of  a  single  cylinder  alone,  single  act- 
ing and  of  four  cycles,  and  consequently  to  construct  engines 
developing  up  to  2,500  h.p.  without  exceeding  four  cylinders. 
In  addition  to  this  they  were,  moreover,  anxious  also  to  im- 
prove the  governing,  by  applying  to  these  large  engines  the 
principle  of  variable  admission  in  lieu  of  the  hit-and-miss  gov- 
erning, which   required  the  use  of  heavy  fly-wheels,  and  was 
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not  well  suited  for  producing  alternating  electric  currents,  and 
needlessly  strained  tiie  engine  when  it  had  to  run  continuously 
with  reduced  loads. 

,  From  1901  they  realized  with  M.  Delamare  that  it  was  essen- 
tial to  obtain  a  variable-admission  motor,  an  air-governor,  or 
else  a  centrifugal  force,  causing  the  double  air-  and  gas-valves 
to  open  from  the  commencement  of  the  suction-stroke,  but  de- 
termining the  closure  earlier  in  the  stroke  as  the  power  to  be 
developed  becomes  lower. 

In  this  manner  the  mixture  admitted  possessed  the  composi- 
tion most  favorable  for  complete  combustion,  but  the  volume 
admitted  to  the  cylinder  varied,  and  with  it  the  compression. 

The  ingenious  mechanism  which  realized  this  mode  of  opera- 
tion I  have  described  elsewhere;*  it  was  applied  to  a  single-cyl- 
inder motor  of  200  h.p.  of  the  same  dimensions  as  that  of 
1898. 

The  trials  to  which  it  was  submitted  in  November  and  De- 
cember, 1901,  established  beyond  doubt  a  consumption  varying 
between  3.318  and  3.455  cu.  m.  per  b.h.p.  per  hr.  for  full  load, 
the  calorific  value  being  from  914  to  1,017  calories.  The  ex- 
penditure in  calories  per  h.p.  varied  between  3,172,  and  3,434, 
and  has  been  on  an  average  nearly  3,298 ;  practically  the  same 
as  that  of  1898.  At  half-load  it  was,  on  an  average,  4,320 
calories,  and  at  quarter-load  7,406  calories. 

About  the  same  time  (1902)  the  Cockerill  Company  produced 
another  engine,  designed  to  give  greater  regularity  with  smaller 
dimensions — viz.,  the  double-acting  engine. 

It  was  well  known  that  the  first  industrial  gas-engine,  that  of 
Lenoir,  was  double-acting,  but  the  success  of  the  Otto  four- 
cycle and  single-acting  engine  had,  for  a  long  time,  relegated 
to  the  background  all  other  types  of  engines.  Nevertheless, 
M.  Letombe,  at  the  Brussels  Exhibition,  showed  a  four-cycle 
and  double-acting  engine. 

The  Korting  Company  exhibited  at  Diisseldorf  a  powerful 
two-cycle,  double-acting  engine,  which  attracted  much  atten- 
tion. The  long-standing  prejudice  against  the  adoption  of  this 
system  was  thus  broken  down. 

The  direct  driving  of  the  blowing-apparatus  from  the  pistou- 

*  Revue  Universelle  des  Mines,  vol.  lix.,  pp.  273  to  329  (1902). 
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rod  of  the  engine  had  accustomed  Cockerill's  engineers  to  the 
adoption  of  a  stuffing-box  at  the  back  end  of  the  cylinder. 
They  were,  therefore,  naturally  disposed  to  adopt  double  ac- 
tion, which  enabled  them  to  considerably  reduce  the  size  of 
the  cjdinder,  and  consequently  approach  large  powers  more 
easily,  thus  insuring  more  steady  running  with  a  lighter  fly- 
wheel. 

They  retained,  firstly,  the  general  arrangement  of  the  single- 
acting  motor,  which  up  to  that  time  they  had  constructed,  no- 
tably the  disposition  of  the  inlet-  and  exhaust-valves  underneath 
the  cylinder.  However,  from  that  time  they  introduced  an  im- 
portant modification.  The  cylinder-liner,  with  its  jacket,  con- 
stituted a  part  independent  of  the  two  cylinder-heads.  Each  of 
these  carried  a  stufiing-box,  through  which  the  water-cooled 
piston-rod  worked,  and  an  extension  downwards  of  the  combus- 
tion-chamber, in  which  were  installed  the  valve,  wdiich  simul- 
taneously admits  air  and  gas  and  actuates  the  exhaust-valve. 
The  actuating  mechanism  of  the  valves  was  also  modified, 
without  departing  from  the  system  of  variation  of  the  admis- 
sion, consisting  of  cutting  off"  the  air  and  gas  supply  simulta- 
neously. This  system  had  the  advantage  of  preserving  the 
composition  of  mixture  most  favorable  to  complete  combustion, 
but  it  had  the  inconvenience  of  diminishing,  to  some  extent, 
the  compression  as  the  charge  decreased.  This  diminution  re- 
duced the  economic  efficiency  of  the  engine  in  the  case  of  light 
loads,  and  also  when  it  happened  that  the  gas  was  very  poor  it 
spoilt  the  ignition  and  caused  misfires,  which  altogether  upset 
regularity  and  economy. 

This  trouble  becomes  very  marked  in  motors  driving  dyna- 
mos, which  very  often  work  with  reduced  loads,  and  where 
economy  is  a  greater  consideration  than  in  blowing-engines. 
Therefore,  no  time  was  lost  in  introducing  another  system  ot 
variation,  consisting  of  air-admission  to  the  cylinder  during  the 
whole  piston-stroke,  and  only  allowing  the  gas  to  enter  during 
the  last  portion  of  the  stroke  by  the  governor  varying  the  mo- 
ment at  which  this  admission  commences.  In  this  way  invari- 
able compression  is  secured. 

It  is  true  that  when  the  mixture  is  modified  it  becomes 
poorer  and  poorer;  but  it  should  be  noted  that  gas  is  intro- 
duced at  the  back-end  of  a  cylinder  already  partly  filled  by  a 
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volume  of  air  which  follows  the  piston.  Although  it  is  impos- 
sible absolutely  to  rely  upon  retaining  the  exact  stratification 
characteristic  of  the  Otto  cycle,  there  persists,  nevertheless,  an 
undoubted  stratification  of  mixture,  the  richest  strata  remain- 
ing at  the  back-end  of  the  cylinder,  close  to  the  igniter. 

The  sparks  then  impinge  on  the  explosion-mixture,  which, 
being  strongly  compressed,  insures  that  the  ignition  is  readily 
transmitted  to  the  whole  volume.  It  will  be  seen  that  the  gas- 
admission  valve  should  be  able  to  move  independently  of  that 
giving  air  admission. 

In  engines  of  this  system  the  two  valves  are  superposed,  the 
air  arriving  by  a  casing  which  surrounds  the  gas-passage,  and 
the  valve-spindle  passing  through  the  gas-valve,  which  is  hol- 
low. The  placing  of  the  valves  in  an  antechamber  of  the  com- 
bustion-chamber, leading  to  a  tubular  combustion-chamber, 
evidently  assists  the  stratification  of  which  mention  has  been 
made,  and  consequently  the  ignition  of  weak  charges,  but  it 
resulted  in  cylinder-heads  of  unsymmetrical  form,  which  cre- 
ated difiSculties  at  Cockerill's  works,  as  it  had  already  done 
elsewhere. 

The  unequal  contraction  of  the  metal  of  the  various  parts  of 
the  cylinder-head  caused  great  stress,  which,  added  to  the 
already  high  stresses,  due  to  the  explosion  and  to  the  heating, 
has  occasionally  brought  about  the  fracture  of  the  cylinder- 
heads,  even  when  they  have  been  replaced  by  steel  castings. 

This  circumstance  decided  the  makers  of  large  engines  to 
revert  to  the  symmetric  arrangement  of  the  valves,  which  is 
customary  in  steam-engines,  where  the  inlet-valve  is  placed  on 
the  top  of  the  cylinder  and  that  of  the  exhaust  underneath,  and 
thus  to  obtain  an  arrangement  which  lends  itself  well  to  expan- 
sion, and  which,  moreover,  facilitates  access  to  the  valves. 

This  arrangement  has  been  obtained  in  different  ways  by 
manufacturers,  notably  at  the  works  of  Deutz  and  Niirnberg 
and  at  Seraing.  At  the  Cockerill  Company's  works  the  covers 
are  no  longer  attached  to  the  central  body  by  studs  screwed 
into  it,  but  joined  by  tie-bolts  bolted  to  flanges  on  these  covers. 

These  bolts  are  thus  subjected  to  tension,  and,  similarly,  the 
body  of  the  cylinder  is  subjected  to  a  compression  stress  of 
the  kind  which  best  suits  such  metal.  This  arrangement, 
shown  in  Fig.  1,  is  patented.    The  frame  is  formed  of  two  box- 
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girders  carrying  the  cylinder.  These  girders  are  joined  by  tie- 
bolts  to  others  that  contain  the  slides  and  carry  the  crank-shaft 
bearing.  The  piston  is  composed  of  two  halves  with  double 
walls,  each  half  permitting  water-circulation,  the  two  halves 
being  bolted  together  with  an  india-rubber  joint. 

The  water  cooling  is  effected  at  a  pressure  of  from  3.5  to  5 
kg.  per  sq.  cm.  to  avoid  water-hammering  in  the  piston  and  its 
rod.  The  water,  furnished  to  the  latter  by  a  duct  fixed  at  one 
end,  passes  through  the  rod  and  the  two  halves  of  the  piston, 
and  goes  out  at  the  back  by  another  duct. 

The  ignition  is  effected  by  means  of  one  or  two  high-tension 
magnetos,  through  fixed  sparking-plugs.  These  magnetos  do 
away  with  the  necessity  for  a  source  of  electricity  external  to 
the  motor.  The  compression  has  been  successively  increased 
up  to  14  kg.  per  sq.  cm.  The  starting  is  eftected  by  means  of 
air,  compressed  to  10  atmospheres  by  a  special  compressor,  and 
retained  in  a  reservoir  in  suflicient  quantity  to  enable  the  en- 
gine to  revolve  several  times. 

The  assembling  of  the  parts,  which  constitutes  one  of  the 
features  of  this  motor,  must  now  be  described.  As  shown  in 
Fig.  2,  the  usual  arrangement  of  the  auxiliary  side  shaft,  par- 
allel to  the  cylinder-axes,  and  actuated  by  the  main  shaft  by 
means  of  gearing  in  the  ratio  of  1 : 2,  is  retained.  On  this  aux- 
iliary shaft,  B,  are  keyed  the  cams,  C,  which  actuate  the  open- 
ing of  the  inlet-  and  exhaust-valves. 

The  exhaust-valve,  E,  opens  a  little  before  the  end  of  the 
stroke,  but  always  at  the  same  moment  in  each  stroke ;  it  is 
worked  by  the  cam,  C,  by  means  of  a  lever  and  a  rod  carry- 
ing a  roller  at  its  lower  end.  The  exhaust-valve  is  hollow,  and 
likewise  the  spindle,  to  permit  of  the  circulation  of  cooling- 
water. 

The  inlet  distributor  consists  of  two  valves :  one  for  gas,  the 
other  for  air  and  the  mixture.  The  spindle  of  the  latter  passes 
through  the  hollow  spindle  of  the  gas-valve.  Both  are  con- 
stantly brought  back  to  their  seats  by  springs  placed  in  a  box 
above.  The  air-valve  is  double.  It  consists  of  a  solid  single- 
seated  flap-valve  opening  downwards,  and  a  hollow  perforated 
sleeve-valve,  L.  These  two  parts  are  attached  to  the  same 
spindle  and  move  simultaneously. 

From  a  little  in  advance  of  the  commencement  of  the  suction 
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stroke,  the  double  valve  is  lowered  by  the  lever,  D,  actuated 
by  the  rod,  t,  at  the  lower  end  of  which  works  the  cam,  C.  By 
this  movement  the  openings  of  the  sleeve-valve,  L,  are  brought 
opposite  the  ports  formed  in  the  casing,  by  which  the  incoming 
air  arrives.  The  latter  is  thus  drawn  in  from  the  commence- 
ment of  the  piston-stroke  and  throughout  its  entire  duration. 

To  the  lever,  D,  is  attached  a  spindle,  F,  which  works  a  sec- 
ond lever,  K,  the  function  of  which  is  to  lower  the  double- 
seated  gas-valve,  M.  If  this  spindle  was  unalterable  in  length, 
the  two  levers,  D  and  K,  would  work  simultaneously,  and  the 
gas  would  pass  into  the  cylinder  simultaneously  with  the  air. 
But  the  spindle,  F,  is  composed  of  two  parts,  of  which  one  car- 
ries the  piston  and  the  other  the  cylinder  of  a  dash-pot,  P. 

The  upper  part  is  thus  able  to  rise  up,  expanding  the  air  in 
the  cylinder,  provided  that  the  lower  portion  remains  fixed,  and 
in  this  case  the  gas-valve  does  not  open.  The  end  of  the  lever 
is  locked  during  the  period  of  exhaust  by  a  finger,  H,  which 
keeps  it  from  moving  as  long  as  the  finger  remains  vertical. 
If  this  part  is  moved  to  the  right  the  lever,  K,  now  becomes 
free,  but  the  descent  of  the  spindle  of  the  mixing-valve.  A,  com- 
presses the  spring,  E,  placed  upon  that  of  the  gas-valve,  M,  as 
long  as  this  is  immovable.  Immediately  K  is  unlocked,  this 
spring  is  able  rapidly  to  lower  M,  causing  the  valves  to  resume 
their  original  distance.  The  shock  is  deadened  by  the  dash- 
pot,  and  the  spindle,  F,  likewise  resumes  its  normal  length. 

From  this  time  forward  the  gas  penetrates,  with  the  air,  into 
the  cylinder,  constituting  the  explosive  mixture,  which  will  be 
afterwards  compressed,  and  ignited  by  the  spark.  In  order, 
therefore,  to  enable  the  admission  of  gas  to  be  varied,  it  sufiices 
to  operate  at  the  moment  the  lever,  K,  is  unlocked.  This  in- 
stant is  determined  by  the  governor  in  the  following  manner  : 
The  finger,  H,  is  articulated  on  a  shaft,  N",  from  whence  it  is 
prolonged  to  engage  a  spring,  which  tends  to  keep  it  con- 
stantly locked  -^vith  K. 

Its  lower  extremity,  I,  carries  a  roller,  on  which  is  taken  the 
thrust  of  the  cam,  Y,  fixed  on  the  oscillating  shaft,  X.  It  is 
this  cam  which  produces  the  unlocking  of  K,  by  pushing  against 
I,  and  turning  aside  H,  despite  the  resistance  of  a. 

The  oscillating  movement  of  X  is  produced  by  a  rod,  6,  which 
operates  the  crank  keyed  on  X.     The  rod  is  attached  to  one 
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end  of  a  transmitting-lever,  Z,  the  other  end  of  which  is  worked 
by  an  eccentric,  0,  keyed  upon  the  auxiliary  shaft,  B.  The 
lever,  Z,  however,  constitutes  an  extension  of  the  roller  of  an 
eccentric-strap,  T,  of  which  the  sheave  is  keyed  on  the  spindle, 
W.  This  carries  a  crank  joined  by  a  rocking-beam  to  the 
centrifugal  governor-socket.  The  movements  of  the  governor- 
socket  thus  modify  the  position  of  the  shaft,  W,  and  conse- 
quently the  center  around  which  Z  oscillates.  This  results  in 
an  alteration  in  the  proportion  of  the  two  arms  of  this  lever, 
and,  as  a  result,  the  length  of  travel  of  the  connecting-rod,  6, 
and  increases  the  oscillation  of  X.  It  may  be  seen,  therefore, 
that  the  moment  at  which  the  gas-valve  opens  is  thus  deter- 
mined by  the  governor,  which  retards  or  advances  it  as  the 
speed  of  the  engine  increases  or  diminishes. 

When,  as  a  result  of  the  rotation  of  the  shaft,  B,the  cam,  C, 
ceases  to  operate  the  connecting-rod,  t,  the  springs  mounted 
upon  the  spindles  of  the  two  valves  bring  the  latter  back  to 
their  seats.  It  will  be  seen  from  this  that,  as  a  result  of  the 
clearance  between  the  parts,  or  from  the  expansions,  the  gas- 
valve  closes  first,  leaving  open  the  mixture-valve.  This  hinders 
the  compression.  To  avoid  this  inconvenience  the  spring  of 
the  gas-valve  is  made  weaker  than  the  other,  so  that  it  is  able, 
despite  the  arrest  of  the  former,  to  replace  the  latter  on  its 
seat,  by  slightly  compressing  the  first  spring. 

To  this  somewhat  lengthy  description  of  what  is  really  a 
simple  mechanism,  which  works  perfectly,  it  may  be  added  that 
the  exhaust  commences  about  15  per  cent,  in  advance,  and  is 
prolonged  a  little  beyond  the  finish  of  the  stroke,  during  which 
time  the  admission  has  slightly  commenced.  The  result  is  that 
the  exhaust  still  continues.  At  this  juncture  the  burnt  gases 
have  attained  a  high  velocity,  which  causes  a  powerful  suction 
in  the  cylinder. 

The  atmospheric  air  rushes  violently  into  the  explosion- 
chamber,  completely  sweeping  out  the  burnt  gaseous  residuals, 
which  otherwise  would  hang  in  the  vicinity  of  the  sparking-plug 
and  tend  to  spoil  the  ignition  of  the  mixture. 

The  application  of  this  ingenious  mechanism  confers  on  the 
double-acting  engine  very  even  running,  allowing  alternators  of 
50  periods  easily  to  be  coupled  in  parallel. 

This  type,  studied  by  the  Cockerill  Company  since  1904,  was 
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Fig.  2. — Arrangement  or  Parts  of  the  Cockerill  Engine. 


BLAST-FURNACE    GAS-ENGINES    IN    BELGIUM. 


661 


Fig.  3. — Special  Valve  Arrangement  of  the  Cockerill  Engine. 
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put  ill  service  on  a  two-cylinder  tandem-engine  of  1,400  h.p., 
installed  in  the  electricity  department  of  the  company. 

The  pistons  ^are  1  m.  in  diameter  by  1.1  m.  stroke.  The 
shaft  makes  about  100  rev.  per  min.,  and  carries  a  fly-wheel  of 
26  tons,  and  drives  a  continuous-current  dynamo. 

Engines  of  this  class  are  made  of  500  h.p.  (600  mm.  x  800 
mm.  X  135  rev.  per  min.),  of  750  h.p.  (750  mm.  X  900 
mm.  X  100  rev.  per  min.),  and  of  1,400  h.p.  (1,000  mm.  X 
1,100  mm.  X  100  rev.  per  min.). 

The  Cockerill  Company  have  also  constructed  a  single-cyl- 
inder engine  of  575  h.p.  (1  m.  x  1.100  m.  X  80  rev.  per  min.), 
one  of  1,000  h.p.  (1.150  m.  X  1.250  m.  X  80  rev.  per  min.), 
and  one  of  1,300  h.p.  (1.300  m.  X  1.400  m.  X  80  rev.  per  min. 

However,  for  this  special  purpose,  the  constant  compression, 
necessary  for  the  economical  production  of  electricity,  might 
become  troublesome  when  the  engine  is  of  the  single-cylinder 
type. 

It  happens,  indeed,  that  the  blowing-apparatus  may  be  per- 
ceptibly slowed  down,  and  then  it  might  be  that  the  centrifugal 
force  of  the  fly-wheel  would  be  insufficient  for  passing  the 
dead-center  at  the  time  of  compression,  especially  if  a  miss-fire 
had  just  previously  taken  place. 

It  is  advantageous,  in  this  case,  to  do  away  with  constant 
compression  and  revert  to  variable  quantity  admission,  of  a 
mixture  of  constant  composition  (Fig.  3  shows  this  arrange- 
ment). This  is  a  little  more  complicated  than  the  other,  and 
has  been  worked  out  for  two  types — one  of  575  h.p.  (1  m.  X 
1.100  m.  X  80  rev.  per  min.),  and  the  other  of  1,300  h.p.  (1.300 
m.  X  1.900  m.  X  80  rev.  per  min.). 

It  is  interesting  to  be  able  to  compare  the  economy  of  the 
new  type  of  engine  (Fig.  4)  with  those  of  the  preceding  types 
already  referred  to. 

The  Cockerill  Company  instructed  me  to  undertake,  with 
Professor  Witz,  detailed  tests  on  the  1,400-h.p.  two-cylinder 
double-acting  and  tandem  engine  installed  in  their  electric 
service.  These  tests  were  made  on  January  9  and  10,  1906. 
Arrangements  were  made  for  measuring  the  consumption,  a 
bell,  holding  about  300  cu.  m.,  being  provided  for  this  pur- 
pose. 

As  the  engine  working  at  full  load  consumes  about  2.5  cu.  m. 
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per  h.p.  per  hr.,  the  bell  was  only  able  to  feed  it  for  a  little 
more  than  5  min.  It  was  then  raised  again  by  the  gas  being 
pumped  into  it  by  an  electric  rotary-pump.  In  the  interval,  the 
opening  of  gas-valves  allowed  the  engine  to  take  gas  directly 
from  the  main,  from  which  these  gas-valves  isolated  it  during 
the  time  of  the  trials. 

The  indicated  work  (i.h.p.)  was  determined  by  a  large  num- 
ber of  diagrams,  taken  by  two  observers.  The  useful  work 
(effective  horse-power,  b.h.p.)  was  ascertained  by  means  of  the 
electric  energy  developed  by  a  dynamo,  of  which  the  output 
had  been  carefully  tested  in  advance  for  a  series  of  powers. 
Samples  of  the  gas  were  taken,  for  the  determination  of  the 
calorific  power,  by  the  "Witz  bomb,  in  the  laboratory  of  Profes- 
sor Witz  at  Lille  University.  The  quantities  of  water  used  in 
cooling  the  different  parts  of  the  engine  were  measured,  as  well 
as  their  temperatures.  It  was  not  found  practicable  to  take  the 
gas  at  the  outlet,  because  the  water  injected  into  the  exhaust 
vaporized  instantly  and  lowered  the  temperature. 

The  detailed  results  of  these  tests  will  be  published  later ; 
but  the  principal  elements,  enabling  the  progress  made  since 
the  commencement  of  this  novel  application  of  blast-furnace 
gases,  and  the  enormous  economy  it  has  brought  about,  to  be 
measured,  are  given  in  Table  I. 

It  is  interesting  to  compare  the  results  obtained  in  these 
trials  with  those  obtained  previously  with  engines  made  by  the 
same  company. 

The  figures,  given  in  Table  II.,  are  significant.  In  com- 
paring the  trials  of  1906  with  those  of  1900,  which  gave  re- 
sults which  were  considered  excellent  at  that  time,  there  was 
found  a  diminution  of  15  per  cent,  of  calories  used  per  i.h.p. 
For  the  b.h.p.  the  reduction  attains  31.4  per  cent.  Finally,  the 
thermal  efficiency  has  been  increased  18.4  per  cent.  The  ad- 
vance made  is  thus  very  considerable.  The  advantage  obtained, 
as  compared  with  the  employment  of  steam,  is  by  no  means  the 
least  interesting  of  facts  brought  out  by  this  investigation.  Ad- 
mitting, however,  that  a  70-per  cent,  efficiency  is  obtained  by 
burning  the  gases  under  boilers,  which  is  considered  satisfac- 
tory, and  that  the  steam  raised  amounts,  according  to  Carnot's 
cycle,  to  an  efficiency  of  40  per  cent,  (between  200°  and  10°, 
which  the  cycle  of  Rankine  makes  77  per  cent,  of  that  of  Car- 
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Table  II. — Results  of  Former  Tests  Compared  with  Tests  on  1,400- 
h.p.  Two- Cylinder  Double-Acting  and  Tandem  Engine. 


No. 

Description. 

Date 

of 
Trials. 

Power. 

Consumption 
of  Gas. 

Consumption 
of  Heat. 

"3      sA. 

L  H.  P. 

B.  H.  P. 

I.  H.  P. 

B.  H.  P. 

I.  H.  P. 

B.  H.  P. 

Per 

Cent. 

1. 

8  Horse-Power  Engine. 

1896 

5.26 

4 

4.03 

5.30 

4030 

5300 

15.77 

2. 

200  Horse- Power  Engine. 

Single  cylinder,  single- 
acting,    constant    ad- 
mission. 

July 
19-20, 

1898 

213.9 

181.82 

2.830 

3.329 

2775.8 

3265.7 

22.9 

3. 

600  Horse-Power  Engine. 

Single  cylinder,  single- 
acting,    constant    ad- 
mission. 

March 
•Id. 
1900 

825.8 

670.0 

2.560 

3.156 

2520.1 

3106.8 

25.2 

4. 

200  Horse-Power  Engine. 

Single  cylinder,  single- 
acting,    variable    ad- 
mission. 

Dec. 

2, 
1901 

246.9 

215.3 

2.981 

3.418 

2766.3 

3172 

23.0 

5. 

1400  Horse-Power  Engine. 

Jan. 

Double-acting,  tandem, 
variable  admission. 

9&10, 
1906 

1755.06 

1581.9 

2.155 

2.392 

2129.1 

2363.3 

29.84 

not),  and  finally  that  one  could  succeed  in  obtaining  80  per 
cent,  of  the  Rankine  cycle,  the  thermal  efficiency  becomes 

0.70  X  0.40  X  0.77  X  0.8  X  100  =  17.25 

which  is  lower,  by  42  per  cent,  than  that  of  the  motor  above 
described. 

It  has  been  assumed,  earlier  in  the  paper,  that  a  blast-fur- 
nace producing  100  tons  of  pig-iron  per  day  yields  about 
9,000  cu.  m.  of  gas  at  1,000  calories,  available  for  the  produc- 
tion of  power. 

Under  these  conditions,  by  obtaining  2,450  h.p.  with  the 
steam-engine,  and  4,220  h.p.  by  using  the  gas  direct  in  gas- 
engines,  there  remains  a  difference  of  1,770  h.p.  in  favor  of  this 
new  application  over  the  results  obtained  by  a  first-class  steam- 
plant  of  the  usual  (boiler)  type.  Compared  with  the  usual 
boiler  and  steam-engine  plant,  the  gain  by  the  use  of  a  gas- 
engine  may  reach  2,500  h.p.,  or  25  h.p.  per  ton  of  daily  pro- 
duction. 

These  figures  explain  the  success  obtained  in  metallurgy  by 
the  direct  use  of  blast-furnace  gas. 

Besides  the  Cockerill  Company  there  is  in  Belgium  but  one 
other  company  (the  Societe  de  Saint  Leonard)  which  has  un- 


Table  III. — '■^Cockerill"  Type  Gas-Engines  at  Work  or  Building. 


Type. 


Driving. 


260  Single  Cyl. 

260|Single  Cyl. 

SOo'single  Cyl. 
SOQlSingle  Cyl. 
800 'Single  Cyl. 
800  Single  Cyl. 
800'Single  Cyl. 

800:SingleCyl. 
800  Single  Cyl. 
800  Single  Cyl. 

800  Single  Cyl. 
800  Single  Cyl. 
800  Single  Cyl. 
800!single  Cyl. 
800!  Single  Cyl. 
SOO  Single  Cyl. 

800  Single  Cyl. 

800  Single  Cvl. 
800  Single  Cyl. 
SOO  Tandem. 
260  Single  Cyl. 
SOOiSingle  Cyl. 
800  Single  Cyl. 
800  Tandem. 
800  Single  Cyl. 
12.3  Single  Cyl. 
1600  Tandem. 

1600  Single  Cyl..  Dou 

ble-Acting. 
125  Single  Cyl. 
1600  Tandem,  Double- 
!    Acting. 
800  Single  Cyl. 
1600  Single  Cyl.,  Dou- 

ble-Acting. 
1600  Single  Cyl.,  Dou- 

ble-Acting 
1600  Tandem,   Double- 

!  Acting. 
1600  Tandem. 
650  Tandem,  Double- 

Acting. 
6.50  Tandem,  Double- 
Acting. 
2000:Single  Cyl.,  Dou- 

1    ble-Acting. 
1600  Tandem,    Double- 

Acting. 
1600  Tandem,   Double- 

i    Acting. 
650  Twin,Double-Act- 

ing. 
1600  Single  Cyl.,  Dou- 

ble-Acting. 
1600  Single  Cyl.,  Dou- 
ble-Acting. 
1600, Tandem,  Double- 

I    Acting. 
1600  Tandem,  Double- 
Acting. 
TOOSingle  Cyl.,   Dou- 

ble-Acting. 
700  Single  Cyl.,  Dou- 

ble-Acting. 
700  Single  Cyl.,  Dou- 

ble-Acting. 
700  Single  Cyl.,  Dou- 
ble-Acting. 
1600  Single  Cyl.,  Dou- 

ble-Acting. 
125  Single  Cyl..  Dou- 

ble-Acting. 
leoosingle  Cyl.,  Dou- 

ble-Acting. 
1600'Single  Cyl.,  Dou- 

I    ble-Acting. 
1600  Single  Cyl.,  Dou- 
I    ble-Acting. 


Dynamo. 

Dynamo. 

Blowing  Cyl. 
Blowing  Cyl. 
Blowing  Cyl. 
Blowing  Cyl. 
Blowing  Cyl. 

&  Dynamo. 
Dynamo. 
Blowing  Cyl. 
Blowing  Cyl. 

&  Dynamo. 
Dynamo. 
Blowing  Cyl. 
Dynamo. 
Dynamo. 
Blowing  Cyl. 
Blowing  Cyl . 

Blowing  Cyl. 

Blowing  Cyl. 
Dynamo. 
Dynamo. 
Dynamo. 
Blowing  Cyl. 
Blowing  Cyl. 
Dynamo. 
Blowing  Cyl . 
Pumps. 
Blowing  Cyl. 

Blowing  Cyl. 

Power. 
Dynamo. 

Blowing  Cyl . 
Blowing  Cyl. 

Blowing  Cyl. 

Dynamo. 

Blowing  Cyl. 
Dynamo. 

Dynamo. 

Blowing  Cyl, 

Dynamo. 

Dynamo. 

Dynamo. 

Blowing  Cyl. 

Blowing  Cyl. 

Dynamo. 

Dynamo. 

Blowing  Cyl. 

Blowing  Cyl. 

Blowing  Cyl. 

Blowing  Cyl . 

Blowing  Cyl. 

Pumping. 

Blowing  Cyl. 

Blowing  Cyl. 

Blowing  Cyl. 


Built  for 


SocitSte  Anonyme  John  Cockerill,  Seraing, 

Belgium. 
Roeehlingsche  Eisen-  u.  Stahlwerke,  Carls- 

hiitte. 
Socifete  Anonyme  John  Cockerill,  Seraing. 
Dift'erdinger  Htitte  (Differdange). 
Difterdinger  Htitte  (Differdange). 
Paris  Exhibition  and  Cockerill  Works. 
Hiitte  Aumetz  Friede,  Lothringen. 

Differdinger  Hiitte  (Differdange). 
Differdinger  Hiitte  (Differdange). 
Differdinger  Hiitte  (Differdange). 

Differdinger  Hiitte  (Differdange). 
Differdinger  Hiitte  (Differdange). 
Rheinische  Stahlwerke,  Ruhrort,  Germany. 
Differdinger  Hiitte  (Differdange). 
Cochrane  &  Co.,  Middlesbrough,  England. 
Roeehlingsche  Eisen-  u.  Stahlwerke,  Volk- 

lingen. 
Roeehlingsche  Eisen-  u.  Stahlwerke,  Volk- 

lingen. 
SocietiJ  Ougree  Marihaye,  Ougrde,  Belgium. 
Soci6t6  Ougrde  Marihaye,  Ougr6e,  Belgium. 
Societi5  Anonyme  John  Cockerill,  Seraing. 
Soci(5te  Anonyme  John  Cockerill,  Seraing. 
Aachener  Hiittenverein,  Esch. 
Aachener  Hiittenverein,  Esch. 
Societfe  Anonyme  John  Cockerill,  Seraing. 
Soci*5ti5  Anonyme  John  Cockerill,  Seraing. 
De  Wendel,  Noyeuvre. 
Roeehlingsche  Eisen-  u.  Stahlwerke,  Carls- 

htitte. 
Soci6ti5  Anonyme  John  Cockerill,  Seraing. 

lSocit5te  Anonyme  John  Cockerill,  Seraing. 
Soci6t(5  Ougr6e  Marihaye,  Ougree. 

Soci6t(5  Ougrde  Marihaye,  Otigree. 

|Soci6t6  Dnieprovienne  du  Nidi  de  la  Russie 

I    a  Kamenskoic. 

Socit?td  Dnieprovienne  du  Nidi  de  la  Ru.ssie 

i\  Kamenskoic. 
Socit5td  Anonyme  John  Cockerill,  Seraing. 

Socifet(5  de  Vezin  Aulnoye,  Homecourt. 
Usine  de  Bogoslowsk,  Russie. 

Usine  de  Bogoslowsk,  Russie. 

Society  Miniere  d'Elba,  Porto  Ferrais. 

Society  Anonyme  John  Cockerill,  Seraing. 

Exposition  Universelle  de  Lifege,  1905. 

Exposition  Universelle  de  LiSge,  1905. 

Cie  des  Forges  et  Acieries  de  la  Marine,  de 

et  ii.  Homecourt. 
Cie  des  Forges  et  Acieries  de  la  Marine,  de 

et  a  Homecourt. 
Soci(5te  Ougr(5e  Marihaye,  Ougr6e. 

Soci6t(5  de  la   Providence,  Marchienne-au 

Pont. 
Soci6t(5  de  la   Providence,  Marchienne-au 

Pont. 
Society  Mdtal,  Donetz  Juriewka,  Juriewka. 

Soci(5t6  MtStal,  Donetz  Juriewka,  Juriewka. 

Society  des  Acieries  de  France,  Isbergues. 

Society  Anonyme  John  Cockerill,  Seraing. 

Socit^te  Ougr(^e  Marihaye,  Ougree. 

Aachener  Hiitten  Verein. 

Aachener  Hiitten  Verein. 

Aachener  Hiitten  Verein. 


Working 
Since 


Mar.,  1898 

Jan.,  1899 

Nov.,  1899 

Nov.,  1899 

Apr.,  1900 

May,  1!HX) 

May,  1900 

Aug.,  1900 

Aug.,  1900 

Aug.,  1900 


Oct., 
Jan., 
Mar., 
July, 
Nov., 
Jan., 


liXK) 
UtOl 
1901 
1901 
1!)01 
1VX)2 


Jan.,  1902 


Feb., 
Feb., 
Mar., 
Mar., 
May, 
May, 
June, 
June, 
Apr., 
Nov., 


1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
1903 
1902 


Oct.,  1903 

Dec,  1903 
Dec,  1903 

Building. 
Building. 

Building. 

June,  1904 

May,    1904 
Apr.,   1905 

Apr.,    1905 

Mar,,   1905 

Mar.,   1904 

)  Built 
>  Mav, 
j      1905 

Building. 

Building. 

Building. 

Building. 

Building. 

Building. 

Building. 

Building. 

Building. 

July,    1903 

Building. 

Building. 

Building. 
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dertaken  the  construction  of  blast-furnace  gas-engines.  This 
company,  which  has  acquired  licenses  for  the  construction  of 
the  Korting  two-cycle  double-acting  engine,  exhibited  an  en- 
gine of  this  class  at  the  Liege  Exhibition.  It  is  installing  two 
engines  of  this  type  at  the  blast-furnaces  of  Grivegnee,  but  the 
results  have  not,  as  yet,  been  made  public. 

Appendix  I. 

The  progress  made  in  the  design  and  construction  of  blast- 
furnace engines  can  best  be  seen  by  the  list  of  engines  given 
in  Tables  III.  and  IV.,  which,  up  to  the  present  time,  have  been 
built,  or  are  building,  by  the  Qockerill  Company. 


Table  IV, — Additional  Orders  for  ^'■CockerilV  Type  Gas-Engines. 


I.  H.  p. 


Type. 


1600  Single  Cyl.,  Double-Acting. 

1600  Single  Cyl.,  Double-Acting. 

700  Single  Cyl.,  Double-Acting. 

700  Single  Cyl.,  Double-Acting. 

1800  Tandem,  Double-Acting. 

1800  iTandem,  Double-Acting. 

850  Single  Cyl.,  Double-Acting. 

300  I  Vertical  Twin,  Double-Acting. 

300  Vertical  Twin,  Double-Acting. 


Driving. 

Blowing  Cyl. 

Blowing  Cyl. 

Blowing  Cyl. 

Blowing  Cyl. 

Dynamo. 

Dynamo. 

Blowing  Cyl. 

Dynamo. 

Dynamo. 


Building  for 


Compagnie  des  Forges  &  Acieries  de  la 

Marine  &  a  Homecourt. 
Compagnie  des  Forges  &  Acieries  de  la 

Marine  &  a,  Homecourt. 
La  Socit'te  des  Forges  de  la  Providence, 

Marchienne-au-Pont. 
La  Society  des  Forges  de  la  Providence, 

Marchlenne-auPont. 
La  Societe  des  Forges  de  la  Providence, 

Marchienne-au-Pont. 
La  Soci<^t6  des  Forges  de  la  Providence, 

Marchienne-au-Pont. 
Soci6t<5  Ougree  Marihaye,  0ugr6e. 
Socit?t6  Usines  MaltzofF,  St.  Petersburg. 
Socifete  Usines  MaltzofF,  St.  Petersburg. 


Appendix  II. 

In  addition  to  the  engines  enumerated  in  Appendix  I.,  the 
following  engines  have  been  built,  or  are  building,  at  the  works 
enumerated,  under  licenses  from  the  Cockerill  Company : 


Table  V. — Additional  ^•Cockerill"  Engines  being  built  under 
license  from  the  Cockerill  Company. 


Name  of  Firm. 

No.  of 
Engines. 

Aggregate 
I.  H.  P. 

Richardsons,  Westgarth  &  Co.,  Ltd 

24 
15 
10 
8 
13 
10 
33 

19,650 

7,880 
8,250 

Schneider  &  Co 

Society  Alsacienne 

Soci^t^  Franfaise  des  Constructions  Mecaniques 

7,200 
15,780 

6,660 
38,130 

The  Markische  Maschinenbauanstalt  in  Wetter  a.  d.  Ruhr 

Breitfeld,  Danek  &  Co.,  Karolinenthal,  Prague 

Elsassische  Maschinen  Fabrik,  Miilhausen 
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The  Application  of  Large  Gas-Engines  in  the  German 
Iron  and  Steel  Industries.* 

BY  K.    REINHARDT,   DORTMUND,    GERMANY. 

(London  Meeting,  July,  1906.) 

The  idea  of  burning  blast-furnace  gases  directly  in  gas-en- 
gines, instead  of  under  steam-boilers,  as  had  previously  been 
done,  was  first  put  into  practice  barely  ten  years  ago,  almost 
simultaneously  in  Great  Britain,  Germany  and  Belgium. 

The  pioneers  of  this  movement  made  their  first  experiments 
with  small  engines.  After  these  experiments  had  given  satis- 
factory results,  and  it  had  been  shown  that  the  thermal  value 
of  the  poor  blast-furnace  gases,  in  spite  of  defective  scrubbing, 
could  with  safety  be  directly  transformed  into  mechanical  work 
in  the  gas-engine,  there  very  soon  arose  a  considerable  demand 
for  gas-engines  of  large  power,  similar  to  the  large  steam-en- 
gines employed  in  metallurgical  works. 

In  face  of  these  sudden  requirements,  the  gas-engine  builders 
were  placed  in  a  difficult  position ;  for  up  to  that  time  the  gas- 
motor  was  considered  as  suitable  for  small  engines  only,  and  it 
was  generally  believed  that  the  limit  of  size  had  been  attained 
with  100  to  150  effective  h.p.  in  a  single  cylinder. 

Manufacturers  of  gas-motors,  however,  did  not  underrate  the 
advantages  offered  by  this  new  field  for  their  manufactures,  and 
it  so  happened  that  in  Germany  the  Berlin-Anhaltische  Masch- 
inenbau-Gesellschaft,  of  Dessau,  was  the  first  to  undertake  the 
construction  of  a  600-h.p.  two-cycle  gas-engine,  with  two  cyl- 
inders of  the  Oechelhauser-Junkers  type,  for  the  Hoerder  Min- 
ing &  Smelting  Company.  The  engine  was  started  in  1898, 
and,  with  a  few  improvements  and  alterations,  is  still  working 
satisfactorily.  This  engine  worked  with  astonishingly  high 
efficiency,  considering  the  period.    The  builders  were  therefore 

*  Presented  at  the  Joint  Meeting  of  the  Iron  and  Steel  Institute  and  the  Ameri- 
can Institute  of  Mining  Engineers,  London,  July,  1906,  and  here  published  un- 
der a  mutual  agreement  between  the  Councils  of  the  two  Institutes. 
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in  a  position  to  prove  in  Germany  that  the  gas-motor,  even  as 
a  large  engine,  was  suitable  for  the  utilization  of  blast-furnace 
gases.  The  results  obtained  by  the  Hoerder  Smelting  Com- 
pany, combined  with  the  fact  that  the  use  of  blast-furnace 
gases  in  gas-engines  is  much  less  dangerous  than  the  burning 
of  the  same  under  steam-boilers,  and  is  at  the  same  time  from 
three  to  four  times  as  efficient,^  encouraged  other  iron-works — 
principally  the  Friedenshlitte  and  the  Differdingen  iron-works — 
similarly  to  introduce  gas-engines ;  and  during  the  last  few  years 
the  example  of  these  iron-works  has  been  followed  by  a  num- 
ber of  collieries,  with  a  view  to  the  more  perfect  utilization  of 
the  gases  from  their  coke-ovens. 

Even  though,  as  was  only  natural,  all  these  early  gas-engines 
showed  certain  defects  of  design  and  insufficient  purification 
of  the  gas,  nevertheless,  from  the  results  obtained,  and  espe- 
cially from  those  of  the  large  installations  of  gas-engines  sup- 
plied by  the  Cockerill  Company,  of  Seraing,  to  Differdingen,  it 
could  be  concluded  that,  with  a  small  reserve,  the  power  sup- 
ply of  an  iron-works  and,  to  a  certain  extent,  of  a  rolling-mill, 
could  be  assured  with  gas-engines  as  the  motive  power,  with- 
out serious  disturbance  of  the  existing  arrangements.  This 
can  no  longer  be  doubted  when  the  improvements  in  their  de- 
signs made  by  engineers  engaged  in  the  manufacture  of  gas- 
engines,  as  shown  by  the  Oechelhauser  two-cycle  motor,  the 
Korting  double-acting  two-cycle  motor,  and  the  Deutz  double- 
acting  four-cycle  motor,  are  considered.  The  Maschinenbau- 
Gesellschaft  of  Nurnberg,  the  Cockerill  Society  and  other 
manufacturers  have  also  entered  the  field.  It  would  not 
otherwise  have  been  possible  for  the  application  of  blast-fur- 
nace gas  to  have  become  so  widely  spread  in  so  short  a  space 
of  time. 

The  present  paper  may  be  regarded  as  a  continuation  of 
those  read  before  the  Society  of  German  Ironmasters  by  Dr. 
Llirmann,^  Professor  Meyer,^  and  myself.* 

The  object  of  the  present  paper  is  to  review : 

^  Stahl  und  Eisen,  vol.  xix.,  p.  484  (1899). 

2  Ibid.,  vol.  xviii.,  pp.  247  to  267  (189S)  ;  vol.  xix.,  pp.  473  to  489  (1899)  ; 
vol.  xxi.,  pp.  433  to  4.59,  489  to  508  (1901). 

'  Ibid.,  vol.  xix.,  pp.  .517  to  532  (1899)  ;  vol.  xxv.,  pp.  67  to  72,  132  to  144 
(1905). 

*  Ibid.,  vol.  xxii.,  pp.  1157  to  1182,  1352  to  1357  (1902). 
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(I.)  The  extent  of  the  application  of  gas-engines  in  iron- 
works and  eolHeries  in  Germany ; 
(II.)  The  working  results,  including  the  influence  of  purifi- 
cation on  the  gases;  and  '   , 
(III.)  Present  practice  in  the  design  of  large  gas-engines  in 
Germany. 

In  order  to  arrive  at  conclusions  as  correct  and  complete  as 
possible,  the  iron-works  and  collieries  possessing  gas-engines 
were  invited  to  answer  a  series  of  questions,  and  the  manufac- 
turers of  gas-engines  to  supply  detailed  drawings.  And  in  tak- 
ing this  opportunity  of  thanking  them,  I  wish  to  say  that  I  re- 
ceived from  all  the  iron-works  and  collieries  complete  and  de- 
scriptive replies,  which  I  was  authorized  to  make  use  of,  to  my 
questions;  the  information  received  from  the  manufacturers 
being  suflicient  to  enable  the  various  types  to  be  compared. 

The  questions,  which  were  circulated  through  the  kindness 
of  the  Society  of  German  Ironmasters  in  February  of  this  year, 
were  as  follows  : 

How  many  gas-engines  have  you  at  work,  in  course  of  erec- 
tion, or  on  order  ?  What  type  do  they  belong  to  ?  What  size 
are  they  ?  What  are  they  used  to  drive  ?  What  proportion 
of  horse-power  of  the  above  are  for  continuous  working,  and 
how  many  are  kept  as  reserve  ? 

With  what  kind  of  gas  are  the  engines  worked — ^blast-fur- 
nace gas,  coke-oven  gas,  or  a  mixture  of  both  ? 

Is  a  gas-producer  plant  provided  as  a  reserve  ? 

How  are  the  gases  purified  and  cooled  ? 

What  power  and  how  much  water  are  employed  for  the  puri- 
fication of  the  gases  consumed  by  the  engine  ? 

What  proportion  does  this  power  bear  to  the  power  obtained 
from  the  purified  gases  ? 

What  is  the  cost  of  purifying  per  cu.  m.  of  gas  ? 

What  apparatus  is  employed  to  dry  the  gases  after  purifi- 
cation ? 

What  is  the  percentage  of  dust  contained  in  the  gases  before 
and  after  purification  ? 

Are  pressure-regulators  arranged  in  the  gas-main  to  the  en- 
gines, and,  if  so,  are  they  provided  for  each  engine  or  for  the 
whole  installation  ? 


672       GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES. 

"What  is  tlie  capacity  of  the  pressure-regulator  ? 

What  is  the  pressure  of  the  gases  before  they  reach  the  en- 
gine, and  within  what  limits  does  it  vary  ? 

At  what  temperature  and  with  what  percentage  of  moisture 
in  grams  per  cu.  m.  is  the  gas  supplied  to  the  engines  ? 

After  what  period  of  working  is  a  complete  cleaning  of  the 
internal  parts  of  the  whole  apparatus  undertaken,  and  how  long 
does  this  take  ? 

Which  parts  require  cleaning  first  of  all,  or  more  frequently 
than  the  rest,  and  how  long  does  the  cleaning  of  these  parts 
take? 

Do  stoppages  and  troubles  occur,  and  what  are  the  causes  of 
these :  (a)  broken  springs  ?  (6)  hanging  of  the  valves  ?  (c) 
failing  to  start  ?     (d)  failure  of  ignition  ? 

Have  important  parts  of  the  machine  already  become  defec- 
tive, and  how  long  after  the  first  starting  of  the  engine  ?  What 
do  you  consider  the  causes  :  (a)  cylinders  ?  (6)  cylinder-covers  ? 
(c)  pistons  ?     (d)  valve-boxes  ?     (e)  piston-rods  ? 

How  much  water  is  used  for  cooling  per  horse-power  and  per 
hour :    (a)  for  the  cylinders  ?     (6)  for  the  pistons  and  rods  ? 

At  what  pressure  is  the  water  used  for  cooling  the  pistons  ? 

How  much  fresh  oil  is  used  per  effective  horse-power  and 
per  hour  in  the  case  of:     (a)  cylinder  oil  ?     (6)  machine  oil  ? 

Has  the  consumption  of  gas  by  the  engine  been  determined  ? 
If  so,  by  what  method,  and  what  was  it  ? 

What  sizes  of  units  are,  in  your  opinion,  the  most  suitable 
for  blowing-engines  and  for  driving  dynamos  ? 

Can  alternating-current  dynamos  driven  by  gas-engines  be 
coupled  in  parallel  without  difficulty  in  your  works  ? 

A  similar  series  of  questions  dealing  with  the  special  condi- 
tions at  collieries  was  also  sent  out. 

I.  The  Extent  of  the  Application  of  Gas-Engines  in 
Iron- Works  and  Collieries  in  Germany. 

I  received  answers  to  the  questions  in  the  beginning  of 
March,  1906. 

From  the  inquiry  it  was  ascertained  that  of  the  49  German 
smelting-works  questioned,  32  already  had  gas-engines  at  work 
and  9  had  ordered  such  engines. 
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There  were  at  work —  Horse- 

Power. 
203  engines  having  a  total  effective  power  of 

about 184,000 

In  course  of  erection,  )  i  a^  •        ■•      •           ^  *  i     «    *•                     c 

'     14d  engines  having  a  total   enective  power   of 

erected,      and    on  ^  ^^^^^ 201,000 

order,     .        .         .J 


Together, 


Together, 


Together, 


Together, 


349  engines  having  a  total  effective  power  of  about     385,000 
Of  these  engines  there  were  : 
64  having  a  power  of  about      ....       34,000 
of  older  construction  (single-acting  four- 
cycle motors) 
88  engines  having  a  power  of  about  ,         .       91,000 

two-cycle  motors,  and 
197  engines  having  a  power  of  about  .         .     260,000 

double-acting  four-cycle  motors. 

For  driving  blowing-engines  there  will  be  at 
work  : 
15  old  form  single-acting  four-cycle  motors  of 

about 8,200 

44  two-cycle  motors  of  about    ....       50,100 
77  double-acting  four-cycle  motors  of  about     .     103,000 


136  engines.                              Of  about        .         .  161,300 

For  driving  dynamos  there  will  be  at  work  : 
48  older  model  single-acting  four-cycle  motors 

of  about 25,600 

41  two-cycle  motors  of  about    ....  35,700 

110  double-acting  four-cycle  motors  of  about      .  144,800 

199  engines.                            Of  about        .         .  206,100 
For  dnving  rolling-mills  there  will  be  at 
work : 

0  older  model  single-acting  four-cycle  motors,  0 

3  two-cycle  motors  of  about    ....  5,200 
7  double-acting  four-cycle  motors  of  about      .  10,900 

10  engines.                             Of  about         .         .  16,100 
For  other  purposes  : 

4  engines  of  about 1,500 


There  were   ordered  by  German  iron-works  and  collieries 
from  March  1  up  to  July  1,  1906  : 

7  two-cycle  motors  of  about    . 
24  double-acting  four-cycle  motors  of  about 


Together, 


Together, 


Horse- 
Power. 
7,800 

28,350 
36,150 


31  engines  of  about 

Of  these  engines  there  will  be  working,  for 
driving  blowing -engines : 
7  two-cycle  motors  of  abcmt    ....         7,800 
7  double-acting  four-cycle  motors  of  about      .         9,400 

14  engines  of  about 17,200 
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For  driving  dynamos :  Power 

0  two-cycle  motors  of  about    ....  0 

17  double-acting  four-cycle  motors  of  about     .       18,950 


Together,  .         .         ,17  engines  of  about 18,950 

For  drivi7ig  rolling-mills  : 
0  engines  of  about  ......  0 

For  other  purposes: 
0  engines  of  about  ......  0 

The  largest  aggregate  power  of  gas-engines  at  a  single  works 
amounts  to  35,000  effective  h.p. ;  16  works  possess  over  10,000 
h.p.,  and  27  works  possess  over  5,000  h.p.  in  actual  working. 

In  most  iron-works  the  whole  of  the  gas-engines  work  con- 
tinuously without  any  reserve ;  a  few  have  up  to  40-per  cent, 
reserve  of  gas-engines,  and  a  few  have  a  similar  reserve  of 
older  types  of  steam-engines  or  of  steam-turbines. 

Nearly  all  engines  in  iron-works,  naturally,  work  with  blast- 
furnace gases.  Two  plants  use  only  coke-oven  gases,  three  use 
blast-furnace  gas  and  coke-oven  gas  separately,  and  one  plant 
uses  the  two  gases  mixed.  Further,  the  Mansfeld  Company 
utilizes  the  waste  gases  from  the  copper-smelting  furnaces  for 
driving  gas-engines.  Producers  employing  coke  as  fuel  are 
kept  as  a  reserve  at  seven  works.  They  are  really  only  of  use 
in  case  of  a  strike,  to  assure  the  working  of  the  most  necessary 
part  of  the  plant. 

The  application  of  gas-engines  in  collieries  is  much  less  im- 
portant. This  is  due  to  the  fact  that  the  heat  given  off  by 
the  older  type  of  coke-oven  can  only  be  utilized  under  steam- 
boilers,  and  consequently,  for  these  older  plants,  steam-boilers 
are  inevitable  in  collieries.  Only  the  excess  gas  produced  in 
the  coke-ovens  is  available,  so  that  steam-engines  and  gas-en- 
gines will  always  be  found  in  conjunction,  and  indeed  in  larger 
proportion  as  regards  steam-engines  than  is  the  case  in  iron- 
works. In  the  new  regenerative  coke-ovens  the  waste  heat  is 
utilized  for  pre-heating  the  oven  itself,  whereby  there  is  an 
economy  in  gas,  and  a  greater  excess  of  gas  is  available  for 
driving  gas-motors.  The  irregular  production  of  gas  can, 
however,  only  be  considered  available  or  free  from  drawbacks 
for  motor-driving  when  at  least  60  coke-ovens  are  in  operation. 
To  this  must  be  added,  that  the  production  of  gas  in  coke- 
ovens  is  much  more  irregular  than  in  blast-furnaces. 


I 
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Perhaps  in  the  near  future,  in  addition  to  the  excess  coke- 
oven  gases  used  for  driving  motors  in  collieries,  producer-gas, 
which  will  be  obtained  in  the  ring-producer  patented  by  Bergrat 
Jahns,^  may  also  be  used.  The  chief  object  of  this  producer  is 
the  utilization  of  the  waste-heaps  or  culm-banks,  and  the  pro- 
duction of  gas  as  far  as  possible  free  from  tar.  The  gas  from 
the  producer  mentioned  is  naturally  also  suitable  for  the  driv- 
ing of  gas-engines,  which  is  demonstrated  by  the  gas-engine 
plant  at  the  Von  der  Heydt  mine. 

The  same  object  is  effected  by  the  Turk  and  other  producers; 
but,  so  far  as  I  am  at  present  aware,  the  utilization  of  the 
waste-heaps  and  of  low-grade  coal  in  gas-producers  is  only  just 
being  introduced,  so  that,  for  gas-engines  in  collieries,  at  pres- 
ent only  coke-oven  gas  need  be  taken  into  consideration.  So 
far  as  I  am  aware,  in  the  beginning  of  March  of  this  year,  16 
collieries  possessed  35  gas-engines  at  Avork,  in  course  of  erec- 
tion, or  on  order. 

The  aggregate  power  of  all  these  engines  was  30,300 
effective  h.p.  Of  these,  24  engines  were  already  working 
at  15,600  effective  h.p.,  nearly  all  for  the  production  of  elec- 
tricity. 

The  introduction  of  large  gas-engines  in  collieries  was  sub- 
sequent to  their  introduction  into  iron-works,  and,  therefore, 
only  engines  of  comparatively  modern  construction  are  to  be 
found.  Exception  must,  however,  be  made  in  respect  to  the 
smaller  motors,  which  were  early  employed  in  plants  for  the 
recovery  of  the  by-products  in  coke-oven  gas. 

II.  Practical  Experience  Obtained  in  Working. 

From  what  has  been  learned  up  to  the  present  time  it  is 
clear  that  a  thorough  purification  and  drying  of  the  gas  is  un- 
doubtedly the  principal  factor  in  assuring  a  continuous  and 
undisturbed  working  of  gas-engines.  German  gas-engine  manu- 
facturers have  from  the  very  first  considered  the  cleaning  of 
the  gas  an  essential  condition,  while,  on  the  other  hand,  the 
Cockerill  Company  considered  it  unnecessary. 

As  a  matter  of  fact,  at  many  places  Cockerill  engines  were 
Avorking  satisfactorily  without  any  cleaning  whatever,  Avhile  at 

^  Zeitschrift  des  Vereines  deutscher  Ingenieure,  vol.  xlviii.,  p.  311  (1904). 
VOL.  XXXVII. — 42 
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other  works  this  practice  resulted  in  very  disagreeable  experi- 
ences ;  in  one  case,  owing  to  the  excessive  wear  of  the  working- 
surfaces  of  the  cylinder,  and  another  time  owing  to  premature 
ignition  caused  by  the  formation  of  a  crust,  chietiy  on  the  pis- 
ton-ends, favored  probably  by  excessive  lubrication.  If  at  one 
works  the  engines  gave  satisfaction  without  the  gas  being 
cleaned,  and  at  another  works  similar  engines  were  unsat- 
isfactory, this  only  proves  that  the  gas  contains  different 
percentages  of  dust  at  various  Avorks  as  it  issues  from  the 
furnace-throat,  and  that  it  may  become  partly  cleaned  in 
the  gas-main.  It  shows  further  that  the  same  quantity  of 
dust  does  not  everywhere  have  the  same  etfect,  since  it  may  be 
composed,  in  some  works,  of  soft  substances  which  do  not  so 
quickly  cause  excessive  wear  of  the  working-surfaces. 

The  design  of  the  older  Cockerill  engines  was,  moreover,  as 
regards  the  inlet- valves,  not  very  sensitive  to  the  eftect  of  dust, 
the  units  most  frequently  constructed  being  600  h.p.  in  one 
single-acting  cylinder,  and  in  consequence  the  sections  of  the 
gas-passages  before  the  valve  and  of  the  inlet-valve  itself  were 
of  rather  large  dimensions,  and  parts  likely  to  be  injured  by 
the  dust  were  not  present  with  the  system  of  governing  then 
employed. 

The  methods  of  governing  and  of  mixing  the  gases  in  newer 
constructions,  in  which  stringent  specifications  for  smaller 
variations  of  speed  are  laid  down,  are  much  more  sensitive  to 
the  presence  of  dust,  owing  to  their  being  combined  with 
springs  as  delicate  as  possible,  in  order  to  keep  the  resistance 
of  the  governor  and  back-pressure  upon  it  as  low  as  possible. 

If  the  spindles  or  regulating  slide-valves  are  covered  with  a 
coating  of  dust,  for  instance,  the  springs  are  no  longer  suffi- 
ciently powerful  to  move  these  parts  at  all,  or  at  the  right 
moment,  and  in  consequence  disturbances  in  working  re- 
sult. This  also  occurs  if  dust  is  deposited  on  the  valves  or 
slides,  the  positions  of  which  are  regulated  by  the  governor 
according  to  the  load  on  the  engine.  The  valves  and  throttle- 
valves  (manipulated  by  hand)  of  the  gas-main  leading  to  the 
engine  are  also  very  sensitive  to  dust.  The  dust  deposits  on 
them  very  readily,  and  renders  them  difficult  to  move,  and  the 
areas  at  these  places  are  for  the  time  being  unduly  restricted, 
so  that  the  engine  does  not  receive  sufficient  gas  to  maintain 
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its  normal  power.  In  all  the  above  cases,  in  addition  to  the 
percentage  of  dust,  the  percentage  of  water  contained  in  the 
gas  when  admitted  to  the  engine  also  exercises  an  injurious 
effect. 

It  is  easily  understood  that  moist  dust  adheres  with  greater 
facility  to  the  surfaces  with  which  it  comes  in  contact  than  dry 
dust,  the  greater  part  of  which  passes  through  the  engine  with- 
out being  deposited. 

Great  trouble  is  experienced  with  moist  and  dusty  gas  when 
the  engine  does  not  run  continuously,  but  stops  working  on 
Sundays,  for  instance.  It  may  then  happen  that  the  deposit 
of  wet  dust,  which,  while  the  engine  is  continuously  working, 
does  not  ofler  very  great  resistance  to  the  motion  of  the  valve- 
gear,  dries  to  a  hard  crust  while  the  engine  is  not  running,  and 
causes  these  moving  parts  to  become  jammed,  rendering  the 
starting  of  the  engine  impossible. 

The  circumstances  mentioned  above  are  the  result  of  the  gas 
not  being  sufficiently  purified  or  dried,  as  well  as  of  the  greater 
consumption  of  oil  necessitated,  and  the  consequent  increase 
of  dirt  inside  the  motor,  and,  as  a  matter  of  fact,  are  the  cause 
of  most  of  the  troubles  experienced  in  working.  For  this  rea- 
son, in  all  new  plants,  great  importance  is  attached  to  the  effec- 
tive cleaning  of  the  gas. 

Before  the  introduction  of  blast-furnace  gas-engines  the 
washing  of  blast-furnace  gas  was  considered  necessary  or  advan- 
tageous for  blast-heating  and  steam-raising  purposes;  the  pres- 
ence of  dust  diminished  the  efficiency  of  the  combustion  and 
of  the  heat-transmission,  and  rendered  frequent  cleaning  of  the 
hot-blast  stoves  necessary,  although  cleaning  the  gas  for  the 
above  purposes  did  not  have  to  be  carried  out  to  the  degree 
necessary  for  the  working  of  motors. 

The  whole  of  the  gas  from  the  blast-furnace  is  now  subjected 
to  a  certain  amount  of  washing,  determined  by  experience, 
while  the  gas  destined  for  utilization  in  the  motors  undergoes 
still  further  purification. 

For  a  standard  type  of  purifying  plant  for  blast-furnace  gas, 
the  following  may  be  observed  : 

The  gases  on  leaving  the  blast-furnace  are  led  through  a 
series  of  so-called  dry  purifiers,  and  thence  through  long  pipe- 
lines into  the  coolers  or  scrubbers,  and  from  these  into  the 
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so-called  centrifugal  purifiers  (Theiseu  apparatus  or  fans  with 
water-spray)-  After  leaving  the  above  plant  the  purification 
of  the  gas  should  be  complete,  so  that  before  being  admitted 
into  the  engine  the  gas  has  only  to  be  dried  in  filters  or  in 
capacious  tanks. 

In  several  plants,  by  drying  or  by  passing  through  a  long 
main  to  the  engine,  a  further  noteworthy  purification  of  the 
gas  takes  place. 

With  regard  to  the  construction  and  manner  of  working  of 
the  various  apparatus,  the  following  remarks  may  be  made: 

The  dry  purifiers  consist  generally  of  a  combination  of  cyliu- 


FiG.  1. — The  Zschocke  Patent  Scrubber. 


drical  vessels,  in  which  the  gas  is  led  downwards  with  a  rapid 
motion  and  upwards  with  a  slow  motion.  During  this  move- 
ment, and  especially  during  the  change  of  direction  of  the 
stream  of  gas,  the  coarsest  particles  of  dust  are  separated.  The 
pipes  leading  from  the  above  should  be  made  as  long  as  pos- 
sible, with  as  large  a  section  and  as  many  sudden  changes  of 
direction  as  possible,  in  order  that  the  gas  may  be  further  freed 
from  coarse  particles  of  dust. 

The  coolers  or  scrubbers  are  vessels  in  which  the  gas  flows 
from  the  bottom  to  the  top  and  the  water  from  the  top  to  the 
bottom.     The  water  must  be  finely  sprayed  in  order  to  moisten 
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the  dust,  and  thereby  increase  its  weight  and  cause  it  to  settle 
to  the  bottom.  At  the  same  time  the  gas  is  cooled  in  the  scrub- 
bers, in  which  the  water-vapors  are  condensed  and  the  dust  is 
deposited. 

The  vessels  are  either  empty,  in  which  case  the  water  is  finely 
divided  by  spraying-nozzles,  or  the  interior  is  arranged  with 
sieves,  wire-netting,  coke,  or  wooden  trays.  The  best  example 
of  the  latter  form  is  the  Zschocke  scrubber  (Fig.  1). 

The  interior  of  the  Zschocke  scrubber  consists  of  a  series  of 
wooden  trays,  one  above  the  other,  intended  to  reduce  the 
velocity  of  the  falling  water,  and  by  reason  of  their  special  form 
to  divide  the  water  into  fine  streams,  so  that  the  large  surface 
exposed  may  efl'ect  a  satisfactory  cooling  of  the  gas.  The  pre- 
cipitated dust  is  removed  at  the  bottom  of  the  scrubber. 

In  centrifugal  purifiers  the  further  separation  of  the  dust  is 
effected  by  centrifugal  action  on  the  wet  dust.  The  application 
of  this  apparatus  renders  it  possible  to  attain  a  satisfactory 
purification  of  blast-furnace  gas.  The  first  centrifugal  purifier 
in  Germany  was  the  Theisen  apparatus,  patented  by  Mr.  Thei- 
sen  of  Munich. 

In  Duedelingen  it  was  subsequently  discovered  accidentally 
that  an  ordinary  fan,  with  water  injection,  was  also  very  efiica- 
cious  for  gas-cleaning.^ 

The  Theisen  apparatus  (Figs.  2,  3,  4,  5),  according  to  a  de- 
scription given  by  one  of  the  makers,  the  Dingier  Maschinen- 
fabrik,  of  Zweibriicken,  consists  essentially  of  the  following  parts : 

The  suction-chamber,  A. 

The  pressure-chamber,  B. 

The  middle  chamber,  C. 

The  drum  with  shaft  and  bearings,  D. 

The  grating,  E. 

Water  enters  at  F  tangentially  to  the  casing  of  the  middle 
chamber,  C,  and  leaves  the  apparatus  through  the  pipe,  G. 

The  manner  of  working  this  apparatus  may  be  described  as 
follows : 

After  the  gas  has  been  cooled  and  charged  with  water-vapor, 
it  is  drawn  in  by  the  vanes,  h,  and  the  coarse  dust  is  separated 
in  the  suction-chamber.  Through  the  action  of  the  fans  at  both 
ends  of  the  drum,  D,  the  gas  is  then  drawn  through  the  space 

6  Stahl  und  Eisen,  vol.  xxi.,  p.  447  (1901). 
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between  the  drum  and  the  casing.  The  outer  circumference  of 
the  drum  (Figs.  2-5)  is  provided  with  a  number  of  inclined 
spiral  vanes,  i,  so  that  the  gas  has  also  to  travel  a  long  way  in 


Fig.  2. — The  Theisen  GAS-"\VA^<HER.     (Cross-Section.) 


Y//'//////////////////////////////v///y/, 
Fig.  3. — The  Theisen  Gas-Washek  (Section  on  Line  1-1  of  Fig.  2). 

the  form  of  a  spiral.  Hence,  by  injecting  water  at  the  same 
time  through  the  pipes,  F,  a  high  degree  of  purification  of  the 
gas  takes  place,  and  the  accompanying  water-vapor  is  simulta- 


GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES. 


681 


neously  condensed.  The  dust  is  then  projected  against  the 
spiral  meshes  of  the  coarse  grating,  E,  fixed  to  the  interior  sur- 
face of  the  casing.     By  centrifugal  action,  the  water  entering 


Fig.  4. — The  Theisen  Gas- Washer.     (Plan.) 


Fig.  5. — The  Theisen  Gas-W.-^^her  (Section  on  Line  2-2  of  Fig.  2). 

in  a  tangential  direction  is  at  the  same  time  distributed  over  the 
surface  of  the  grating,  which  prevents  it  from  becoming  clogged 
and  incrusted  with  the  separated  dnst.  In  addition  to  this,  the 
surface  of  the  water  is  broken  up,  thus  favoring  cooling  and 
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condensation.  This  washing  of  the  gas  absorbs  carbonic  acid 
and  sulphnrous  gases. 

The  purified  gas  then  enters  the  discharge-chamber,  B,  from 
which  the  water  is  thrown  out  by  the  vanes,  k,  and  the  gas  is 
forced  to  the  engines  with  a  pressure  of  from  50  to  100  mm. 
of  water.  The  washer  reduces  the  dust  from  3  or  4  g.  per  cu. 
m.  of  gas  to  0.02  or  0.03  g.,  with  a  consumption  of  from  0.8  to 
1.5  liters  of  water  per  cu.  m.  The  washer  is  generally  driven  by 
a  direct-coupled  electro-motor,  and  the  smaller  sizes  hy  belt- 
ing, at  a  speed  of  from  300  to  450  rev.  per  min.  The  sizes 
generally  used  range  from  6,000  to  33,000  cu.  m.  per  hr.,  and 
the  power  required  from  50  to  150  effective  horse-power. 

Theisen  imputes  the  useful  action,  during  purification,  in  his 
washer  to  the  steam  present  in  the  blast-furnace  gas  and  to 
that  formed  by  contact  with  the  injected  water,  and  on  this 
account  recommends  his  apparatus  to  be  placed,  not  behind  the 
scrubber,  but  without  such  apparatus,  by  introducing  simple  gas 
pre-moisteners  immediately  behind  the  dry  purifier,  in  order 
that  the  gas  may  be  as  hot  as  possible  at  the  entrance  into  the 
apparatus.  On  the  other  hand,  Professor  Osann,^  in  an  exhaus- 
tive investigation  of  the  purification  of  blast-furnace  gases, 
chiefly  by  the  action  of  cooling-surfaces  for  the  water-vapors 
and  the  deposition  of  dust,  considers  it  preferable  to  clean  and 
cool  the  gases  previous  to  their  being  introduced  into  the  Thei- 
sen washer,  so  that  the  latter  has  only  to  remove  the  finer  par- 
ticles of  dust  which  are  otherwise  diflicult  to  separate.  He 
hopes  by  this  arrangement  to  efl:ect  a  saving  of  power. 

The  fans  employed  for  the  purification  of  the  gases,  as  con- 
structed by  R.  W.  Diuuendahl  at  Steele  (Fig.  6),  only  dififer 
from  ordinary  air  fans  in  the  construction  of  the  vanes  and 
bearings,  which  are  of  a  much  heavier  construction,  to  cope 
with  the  injection  of  water  and  the  higher  temperature  of  the 
gas.  They  are  provided  with  a  water-inlet  at  the  suction- 
opening,  and  with  an  arrangement,  as  in  disintegrators,  for 
pulverizing  the  water,  so  that  a  sort  of  water-curtain  is  formed 
through  which  the  dust  has  to  pass.  The  cohering  particles 
of  dust  and  water  are  separated  by  centrifugal  action  through 
which  these  particles  are  thrown  against  the  inner  circumfer- 

"  Stahl  unci  Eisen,  vol.  xxii.,  p.  153  (1902). 
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ence  of  the  fan-casing.  The  under  portion  of  the  fan-casing 
opens  into  a  tank,  A,  from  which  the  separated  slimes  flow 
away  and  the  purified  gas  escapes  at  the  top  outlet.  The 
method  of  purification  resembles  that  of  the  Theisen  apparatus, 
except  that  in  the  former  the  passage  for  the  opposing  action 
of  the  gas  and  water  is  not  so  long. 

The  usual  sizes  of  gas-cleaning  fans,  according  to  Dinnen- 
dahl,  are  from  15,000  to  70,000  cu.  m.  of  gas  per  hr.,  requiring 
from  40  to  110  h.p.     The  circumferential  velocity  of  the  im- 


i 
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Fig.  6.— Arraxgement  of  Faxs  by  K.  W.  Dinnendahl,  Steele. 


pellers  is  up  to  56  m.  per  second,  with  a  diameter  of  from  1.1 
to  1.75  m.  For  1  cu.  m.  of  gas  from  1.5  to  2  liters  of  water 
are  required,  and  the  dust  is  reduced  from  3  g.  to  0.2  g. ;  as  a 
rule,  the  percentage  of  dust  is  reduced  to  one-tenth  of  the  per- 
centage before  washing. 

When  two  or  more  fans  are  arranged  parallel  to  one  another 
for  the  purification  of  large  quantities  of  gas,  it  is  often  difficult 
to  obtain  outputs  equal  in  quantity  and  quality.  It  is  therefore 
advisable  to  provide  regulating-dampers  behind  the  fans,  and, 
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above  all,  to  make  the  mains,  both  before  and  after  the  branches 
to  the  fans,  of  large  diameter,  so  that  they  can  at  the  same 
time  act  as  air-vessels.  As  a  certain  preventive  of  the  above 
difficulties,  which  are  often  of  a  very  annoying  character,  I  can 
offer  onl}'  one  suggestion — namely,  to  drive  the  fans  and  the 
electro-motors  alike  with  the  same  speed  in  such  a  manner  that 
their  axes  could  be  connected  with  friction-couplings,  so  that 
the  fans  produce  equal  difierences  of  pressure. 

Of  the  other  purifying  apparatus  employed,  only  the  Bian 
cooler  may  be  mentioned.^  This  consists  of  a  horizontal  shaft 
turning  within  a  cylindrical  casing  and  carrying  a  number  of 
disks  of  wire-netting.  The  lower  halves  of  the  disks  dip  into 
water,  and  the  gas  passes  through  the  meshes  of  the  upper  halves. 

The  purification  of  the  gas  is  continued  in  centrifugal  ap- 
paratus until  the  desired  degree  of  cleanliness  is  attained, 
after  which  it  has  only  to  be  dried.  This  is  effected  by  forcing 
the  gas  through  a  series  of  layers  of  w^ood-fiber  or  wool  in 
large  cylindrical  casings,  to  w^iich  it  yields  its  water.  Natur- 
ally, the  resistance  caused  in  passing  through  the  layers  of  wool 
requires  a  large  expenditure  of  power,  and  the  renewal  of  the 
wet  wool,  together  with  the  cost  of  attendance,  necessitates  the 
installation  of  a  spare  drier.  Large  vessels  containing  various 
materials  through  which  the  stream  of  gas  is  forced,  with  fre- 
quent changes  of  direction,  are  employed  for  the  separation  of 
the  water,  and  these  vessels  are  further  aided  by  long  pipes 
with  frequent  changes  of  direction.  If  a  large  gas-holder  is 
erected  between  the  cleaning-plant  and  the  engines,  in  addition 
to  its  quality  as  a  pressure-regulator,  it  does  excellent  service 
in  the  separation  of  water,  and  renders  the  previous  drying  of 
the  gas  and  the  expenditure  for  attendance  on  the  plant  and 
power  superfluous. 

It  must  here  be  mentioned  that  in  several  iron-works  it  was 
not  found  possible  to  reduce  the  percentage  of  moisture  in  the 
gas  arriving  at  the  engine  to  the  point  of  saturation  at  the  cor- 
responding temperature  of  gas.  In  such  cases,  after  the  supply 
of  water  to  the  scrubbers  had  been  cut  off,  so  that  they  were 
only  employed  as  dry-coolers  or  purifiers,  the  gas  was  not  so 
perfectly  cleaned,  but  w^as  drier,  and  worked  with  less  harmful 
results  in  the  gas-motors  than  before. 

8  Stahl  und  Eisen,  vol.  xxvi.,  pp.  32,  465  (1906). 
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A  few  remarks  concerning  the  purification  of  coke-oven  gas 
for  utilization  in  gas-engines  must  still  be  added. 

The  gas  at  disposal  for  this  purpose  has  already  been  so  far 
purified  by  the  recovery  of  by-products  that,  as  a  rule,  only  the 
remains  of  tar,  and  also  sulphur  and  cyanides,  have  to  be  re- 
moved. The  tar-residues  are  removed  in  so-called  tar-separa- 
tors, which  consist  of  high  cylinders  of  boiler-plate  in  which  a 
number  of  platforms  or  ledges  are  arranged  alternately  to  the 
left  and  to  the  right,  so  that  the  gases  pass  through  in  a  zigzag 
direction  and  the  tar  is  deposited  on  the  ledges.  Other  appa- 
ratus Avork  in  a  similar  manner,  the  main  stream  of  gas  being 
divided  into  a  large  number  of  smaller  streams  and  by  the  re- 
sulting sudden  alterations  of  direction,  and  also  by  impinging 
on  the  plate  walls,  the  gas  is  freed  from  tar  (Pelouze  apparatus). 
Further,  rotary  cleaners  are  in  use,  which  serve  for  the  separa- 
tion of  ammonia,  naphthalene,  cyanide,  and  hydrogen  sulphide, 
and  according  to  the  form  of  the  rotating  surface  are  arranged 
as  hurdle,  brush,  or  ball  washers  (patented  by  Zschocke^).  The 
Theisen  washer  can  also  serve  this  purpose ;  but,  as  far  as  I  am 
aware,  it  has  not  asA'et  been  so  employed.  The  inventor  hoped 
to  obtain  good  results,  especially  in  the  separation  of  tar. 

The  separation  of  sulphur  and  cyanide  is,  according  to  a  paper 
of  Professor  Baum,  best  obtained  by  filters.  The  filtering-ma- 
terial employed  consists  of  Laming  composition,  a  mixture  of 
bog  iron-ore  and  wood-shavings.  The  composition,  in  layers  of 
from  6  to  8  in.  deep,  is  carried  by  plates  or  gratings;  the  gas 
passes  through  from  two  to  four  such  layers,  one  after  the  other, 
and  the  iron  combines  with  the  sulphur  to  form  iron  sulphide, 
and  with  the  cyanide  to  make  iron  cyanides  (Berlin  blue). 
The  composition  is  from  time  to  time  taken  out  of  the  filter 
and  exposed  to  the  air,  by  which  means  the  sulphur  is  oxidized 
and  the  composition  regenerated  and  ready  to  be  used  again. 

In  passing  through  the  filter,  not  only  the  sulphur,  but  also 
the  tarry  liquors,  water,  and  heavy  oils  remain  behind.  For 
this  reason,  plants  which  do  not  require  the  removal  of  sulphur 
often  employ  filtering-apparatus,  the  Laming  composition  being 
replaced  by  sawdust  or  wood-fiber.  Gasometers,  which  are 
frequently  placed  as  near  as  possible  to  the  engines,  and,  as  in 


9  Baum,  Glnck-auf,  vol.  xl.,  p.  4o7  (1904) 
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the  case  of  blast-furnace  gas,  at  the  same  time  regulate  the  pres- 
sure, also  serve  to  dry  the  gas. 

With  reference  to  the  purification  and  its  influence,  the  fol- 
lowing may  be  seen  from  the  answers  to  the  questions :  All 
smelting-works  have  centrifugal  apparatus  in  use  for  removing 
the  fine  dust,  and,  indeed,  about  half  of  them  have  scrubbers  or 
Bian  coolers  with  fans,  and  the  rest  scrubbers  with  Theisen 
apparatus,  Theisen  apparatus  alone,  or  fans  alone.  The  respec- 
tive merits  of  the  various  apparatus  or  processes  cannot  well 
be  ascertained  from  the  information  received  from  the  iron- 
works, as  it  is  not  easy  to  reduce  the  results  to  a  common  basis. 
The  following  results  nevertheless  are  perhaps  of  interest: 

The  power  expended  in  cleaning  1,000  cu.  m.  of  gas  per  hr. 
varies  mostly  between  6  and  13  effective  h.p.  Accordingly, 
the  power  expended  in  cleaning  varies  from  1.8  to  4  per  cent, 
of  the  power  obtained  by  the  purified  gas. 

The  amount  of  water  used  for  cleaning  varies  greatly.  It 
requires  on  an  average  from  3  to  8  liters  per  cu.  m.  of  gas,  and 
is  naturally  dependent  on  the  temperature  of  the  water.  Gen- 
erally speaking,  the  water  used  with  centrifugal  apparatus 
alone  is  less  than  when  it  is  employed  in  combination  with 
scrubbers.  Similarly,  the  cost  of  cleaning  varies  considerably, 
and  includes  interest  and  depreciation  of  the  purifying  plant 
(from  0.03  to  0.06  pfennig  per  cu.  m.). 

The  percentage  of  dust  in  the  gas  after  the  dry  purification 
is  on  an  average  from  4  to  6  g.  per  cu.  m.  In  a  few  cases, 
however,  it  is  only  from  1  to  1.5  g.  In  most  instances  the  gas 
for  working  the  motors  is  reduced  to  a  percentage  of  from 
0.015  to  0.03  g.  of  dust  per  cu.  m.,  in  a  few  works  even  to  from 
0.004  to  0.005  g.  per  cu.  meter. 

All  these  remarks  concerning  the  percentage  of  dust  are  to 
be  judged  from  the  point  of  view  that  the  determination  of  the 
same  at  one  and  the  same  iron-works,  if  not  absolutely  correct, 
will  always  be  proportionately  exact ;  but  that  this  latter  will 
perhaps  not  always  be  the  case  with  tests  carried  out  by  different 
iron-works.  It  would  therefore  be  of  importance  to  adopt  a 
standard  method  for  the  determination  of  the  percentages  of 
dust  and  water,  so  that  all  results  could  be  exactly  compared. 

If  the  purification  effected  by  the  Theisen  apparatus  is  com- 
pared with  that  by  fans,  it  will  be  found  that,  according  to  the 
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manufacturers,  the  Theisen  apparatus  cleans  in  the  proportion 
of  140  :  1.  Thus,  for  1,000  cu.  ra.  of  gas  cleaned  per  hr.  there 
is  required  5  eftective  h.p.,  and  per  cu.  m.  1.1,5  liters  of  water, 
on  an  average. 

With  a  fan  the  cleaning  is  on  an  average  10:  1,  the  power 
required  being  2,2  h.p.,  and  the  water  used  1.75  liters. 

In  order  to  obtain  a  similar  result,  two  to  three  fans  would 
have  to  be  placed  one  behind  the  other,  which  would  require 
perhaps  from  5  to  6  h.p.  per  1,000  cu.  m.  of  gas  per  hr,,  and  a 
consumption  of  about  4  liters  of  water  per  cu.  m.  of  gas. 

From  the  information  supplied  by  the  iron-works  only  the 
total  result  can  in  most  cases  be  reviewed ;  however,  in  a  few 
cases  the  result  of  the  cleaning  by  each  apparatus  is  given,  and 
from  this  I  conclude  that  a  single  Theisen  apparatus  cleans 
better  than  a  single  fan,  since  with  the  former  the  proportion 
of  cleaning  is  between  90  : 1  and  25 : 1,  with  about  6.5  effective 
h.p.  per  1,000  en.  m.  of  gas,  and  with  a  fan  the  proportion  is 
about  12  :  1  and  the  average  effective  h.p.  2.3.  From  two  fans, 
one  placed  behind  the  other,  a  proportion  of  cleaning  from 
50  :  1  to  200  :  1  and  power  employed  from  6.5  to  10  effective 
h.p.  per  1,000  cu.  m.  per  hr.  has  been  attained.  Without 
taking  the  consumption  of  water  into  consideration  one  Theisen 
apparatus  is  approximately  equal  to  two  fans. 

With  one  exception,  all  iron-works  possess  apparatus  for  dry- 
ing the  gas  as  described  above. 

In  no  case  does  the  gas  contain  any  suspended  water — that 
is,  water  above  the  quantity  at  the  point  of  saturation  at  the 
corresponding  temperature. 

This  temperature  is  in  most  cases  the  same  as  the  tempera- 
ture of  the  air,  or  only  a  few  degrees  higher.  In  a  few  cases 
the  percentage  of  water  is  even  lower  than  that  corresponding 
to  the  point  of  saturation  at  the  temperature  of  the  gas,  but 
this  is  only  possible  when  the  water  used  for  cooling  is  at  a 
very  low  temperature  and  the  gas  is  cooled  to  below  the  tem- 
perature of  the  gas  arriving  at  the  end  of  the  gas-main. 

A  further  cooling  of  the  gas  would  be  of  great  utility,  favor- 
ing the  separation  of  water  and  purification,  and  thereby  assur- 
ing the  continual  working  of  the  gas-engines  without  disturb- 
ance. 

The  particulars  which  I  have  received  from  the  collieries  are 
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not  SO  complete  as  those  received  from  iron-works,  owing  to  the 
collieries  not  yet  having  had  so  much  experience. 

Of  15  collieries  which  were  questioned,  two  had  no  special 
plant  for  the  purification  of  the  gas,  but  onl_y  plant  for  the  re- 
covery of  the  by-products — four  collieries  have  plant  for  the 
separation  of  sulphur  and  tar,  six  a  similar  plant  for  sulphur 
only,  and  three  a  plant  for  tar  only.  The  power  expended  is 
only  that  necessary  to  overcome  the  resistance  of  the  gas  pass- 
ing through  the  purifier,  which  is  on  an  average  about  0.25  per 
cent,  of  the  power  developed.  The  other  working  expenses 
consist  only  of  the  renewal  of  the  filtering  material,  which 
amounts  on  an  average  to  about  0.03  pfennig  per  cu.  m.,  while 
the  expenses  of  the  purification-plant  itself  increase  greatly  with 
the  sulphur  in  the  gas. 

Only  traces  of  tar  have  to  be  removed  by  the  purifier,  but  it 
is  much  more  important  to  remove  the  sulphur,  which  attacks 
the  cyliuders,  piston-rings,  piston-rods,  and  stufling-boxes. 

In  one  case  it  is  stated  that  the  percentage  of  sulphur  was  re- 
duced from  5  g.  to  0.7  g.  per  cu.  meter. 

The  heating-value  of  coke-oven  gas  varies  from  2,500  to 
4,600  calories  per  cu.  meter. 

The  amount  of  gas  available  for  gas-engines  also  varies  ex- 
traordinarily, ranging  from  3.25  to  50  per  cent.,  according  to 
the  quality  of  the  coal  used,  and  above  all  according  to  the  type 
of  coke-oven. 

In  the  replies  to  the  questions  addressed  to  iron-works,  atten- 
tion should  be  called  to  the  fact  that  about  one-half  of  the  works 
place  gas-holders  between  the  purifying-plant  and  the  motors. 
The  capacity  of  the  holders  in  proportion  to  the  gas-consump- 
tion varies  considerably.  One  iron-works  places  a  gas-holder 
of  smaller  size,  arranged  as  an  equalizer  of  pressure,  before  each 
engine. 

The  pressure  of  the  gas  at  the  engines  is  on  an  average  from 
2  to  4  in.,  but  in  many  plants  it  is  8  in.  or  over.  The  varia- 
tions in  the  gas-pressure  naturally  depend  on  the  number  of 
gas-engines  at  work  and  of  furnaces  in  blast,  and  on  whether 
the  blast-furnace  tops  are  provided  with  a  double  seal  or  not. 
As  a  rule,  it  is  recommended  that  the  gas-pressure  be  main- 
tained as  regularly  as  possible,  and  not  much  above  the  pres- 
sure of  the  atmosphere  (about  equal  to  from  1.25  to  2.5  in.  of 
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water).  This  can,  of  course,  only  be  done  by  using  a  gas-holder, 
which,  besides  being  an  excellent  separator  for  water,  possesses 
the  advantage  of  preventing  a  reduction  of  speed  or  even  the 
stopping  of  the  gas-engines  when  the  supply  of  gas  is  suddenly 
interrupted  for  a  short  period,  as  may  happen  when  only  a 
small  number  of  blast-furnaces  are  at  work.  Long  gas-mains 
of  large  section  also  serve  as  a  reserve,  although  not  so  etiec- 
tively,  and  for  a  short  period  tend  to  ec{ualize  the  pressure. 

The  intervals  at  which  the  engine  or  its  several  parts  have  to 
be  cleaned  vary  greatly.  From  information  received  from 
iron-AVorks,it  may  be  concluded  that  with  gas  well  cleaned  (from 
0.015  to  0.03  g.  of  dust  per  cu.  m.),  and  at  the  same  time  well 
cooled  and  dried,  the  inlet-gear — that  is,  the  parts  before  the 
cylinders  of  the  engines — must  be  cleaned  at  intervals  of  two  to 
three  months,  and  a  complete  internal  cleaning  must  be  under- 
taken every  six  or  eight  months. 

In  a  few  plants  using  gas  which  is  speciall}^  clean,  the  engines 
require  less  frequent  cleaning.  In  others  the  inlet-gear,  throttle- 
valves,  and  other  similar  parts  require  cleaning  at  periods 
of  14  days.  At  the  same  time,  when  the  lubrication  is  not  ex- 
cessive, and  even  when  the  gas  is  not  well  cleaned,  an  internal 
cleaning  of  the  engine  every  two  to  three  months  is  sufficient. 

The  parts  before  the  cylinder  require  for  cleaning,  on  an  aver- 
age, from  6  to  20  hr.,  according  to  the  size  and  build  of  the  en- 
gine and  the  number  of  men  employed,  and  the  internal  clean- 
ing requires  from  two  to  eight  days. 

The  quantity  of  water  used  for  cooling  the  cylinders  and  pis- 
tons averages  from  8.8  to  11  gal.  per  hr.  and  per  effective  h.p., 
of  which  from  2.2  to  2.6  gal.  are  for  the  pistons.  The  consump- 
tion of  oil  in  most  plants  is  reckoned  at  1  to  1.25  g.  per  hr.  per 
effective  h.p.  The  consumption  of  gas  has  not  yet  been  suffi- 
ciently tested  to  compare  the  various  systems. 

According  to  trials  made  at  iron-works,  the  heat  employed 
by  the  engines  varies  from  2,200  to  3,300  calories  per  hr.  and 
per  effective  h.p.  Most  iron-works  at  present  are  not  in  a 
position  to  determine  the  consumption  of  gas  in  their  engines, 
and  content  themselves  with  testing  the  exhaust-gases,  and 
thereby  determining  the  completeness  of  the  combustion  in  the 
motor. 

From  the  answers  received  from  the  collieries,  engines  using 
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coke-oven  gas  require   cleaning  after  similar  periods  to  those 
using  blast-furnace  gas. 

Generally  speaking,  however,  at  present  the  collieries  have 
not  sufficient  experience  to  answer  this  and  other  questions 
authoritativel}'.  The  traces  of  tar  in  coke-oven  gas,  which  are 
difficult  to  remove  and  to  burn,  probably  necessitate  more  fre- 
quent internal  cleaning ;  and  above  all,  the  piston-rings,  stuffing- 
boxes,  oil-holes  and  other  similar  parts  require  greater  atten- 
tion. 

III.  The  Present  Design  of  Large  Gas-Engines  in 
Germany. 

From  the  answers  received  from  the  iron-works  and  collieries 
to  the  questions,  it  may  further  be  concluded  that  the  old  ar- 
rangement of  the  single-acting  four-cycle  motor,  with  one  or 
more  C3'linders,  has  not,  in  recent  years,  been  generally  used, 
and  that,  on  the  other  hand,  double-acting  four-cycle  mo- 
tors, mostly  with  tandem  cylinders,  are  in  keen  competition 
with  two-cycle  motors.  There  is  therefore  little  necessity  to 
deal  in  this  paper  with  the  obsolete  single-acting  four-cycle 
motors,  which  have  been  replaced  by  newer  designs,  particu- 
larly as  many  of  these  engines  were  only  considered  by  their 
designers  as  of  temporary  construction,  owing  to  the  heavy  de- 
mand which  suddenly  arose  for  large  gas-engines.  To  this 
category  belong  the  older  engines  of  the  Gasmotorenfabrik 
De.utz,  of  the  Societe  Cockerill,  of  the  Korting  Brothers,  and 
of  the  Maschinenbau-Gesellschaft  Xiirnberg. 

Most  of  the  new  types  which  are  now  prevailing  have  already 
been  described.'"  In  order  to  institute  an  accurate  comparison 
with  the  types  since  designed,  it  will  be  necessary  here  to  re- 
capitulate as  concisely  as  possible  the  chief  features  of  modern 
gas-engines. 

Before  commencing,  the  fact  may  be  recalled  that  the  possi- 
bility of  making  gas-engines  of  larger  powers  depended  on  over- 
coming the  numerous  prejudices  and  misconceptions  of  many 
gas-engine  manufacturers.  These  were  chiefly  with  reference 
to  the  idea  that  it  was  impossible  to  construct  a  stuffing-box,  a 
cooled  piston-rod,  and  a  cooled  piston,  which  should  be  reliable 
in  working. 

10  Stahl  undEisen,  vol.  xxii.,  pp.  1157  to  1182,  1352  to  1357  (1902)  ;  vol.  xxv., 
pp.  67  to  72,  132  to  144  (1905). 
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Once  the  possibility  of  constructing  these  parts  to  work  in  a 
reliable  manner  was  proved  by  several  engines  built  by  Korting 
Brothers,  John  Cockerill,  and  the  Maschinenbau-Gesellschaft 
Niirnberg,  and  after  Korting  Brothers  had  had  a  double-acting 
four-cycle  engine  running  for  a  long  time  in  their  own  works, 
and  in  the  year  1902  made  known  their  new  double-acting  two- 
cycle  engine,  a  very  rapid  development  took  place.  Many 
firms,  which  had  previously  built  single-acting  four-cycle  en- 
gines, began  to  build  double-acting  closed  cylinders  and  pistons 
working  on  both  sides,  so  that  in  Germany  at  present,  with  the 
exception  of  the  two-cycle  Oechelhauser  motor,  only  the  four- 
cycle Dingier  engine  has  open  cylinders. 

To  the  best  of  my  knowledge,  at  the  present  time  29  firms  in 
Germany  build  large  gas-engines.  Of  these,  21  firms  build 
double-acting  four-cycle  engines,  5  firms  build  two-cycle  en- 
gines, and  3  firms  build  both  systems. 

IV.    General  Remarks. 

1.    Cylinder,  Exhaust- Valve  Chest. 

Until  the  year  1902  all  German  builders  of  gas-motors  made 
their  single-acting  open  four-cycle  engines  with  cylinder  ends, 
as  used  for  small  motors,  the  construction  of  which,  owing  to 
insufficient  reliability,  was  the  chief  cause  of  the  troubles  en- 
countered originally  in  the  construction  of  large  gas-engines." 

In  the  year  1902  the  Gasmotorenfabrik  Deutz^^  first  intro- 
duced a  design  of  cylinder  (Fig.  7)  which  avoided  the  old  cylin- 
der ends,  and  was  provided  with  an  arrangement  of  lift-valves 
similar  to  a  lift-valve  steam-engine.  The  cylinder,  which  was 
provided  with  covers  at  both  ends  projecting  within  the  cylin- 
der in  a  similar  manner  to  steam-engines,  stood  on  a  support 
in  the  center  on  which  it  could  slide,  and  the  outer  mantle  was, 
for  part  of  its  length,  provided  with  an  opening  so  that  the 
semicircular  turned  support  and  semicircular  cover  at  this 
place  rendered  the  mantle  water-tight.  This  manner  of  con- 
structing the  cylinder  should  avoid  the  danger  of  initial  strains 
in  casting,  and  reduce  the  stresses  caused  by  heat  in  working, 

"  Stahl  und  Eisen,  vol.  xxii.,  pp.  1157  to  1182  (1902).  '^  j^^^_^  pj^tg  20. 

VOL.  XXX vxi. — 43 
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and  also  render  possible  the  complete  removal  of  the  core  after 
casting,  and  an  easy  cleaning  of  the  cooling-mantle. 

In  examining  the  various  designs,  it  will  be  seen  that  nearly 
all  cylinders  of  the  newer  types  of  four-cycle  engines  follow 
the  same  principles  as  to  the  arrangement  of  the  lift-valves. 
Most  makers,  however,  consider  that  a  separation  of  the  outer 
casing  is  unnecessary,  and  that,  for  safety,  it  is  more  to  the 
purpose  to  increase  the  height  of  the  flanges,  and  thus  provide 
a  larger  space  between  the  inner  and  outer  mantles.    It  is  easy 


Fig.  7. — Cylinder  of  the  Double- Acting  Four-Cycle  Engine  of  the 
Gasmotorenfabrik  Deutz. 

to  understand  that  a  larger  flange  is  better  fitted  to  resist  the 
stresses  due  to  the  diflterence  of  temperature  between  the  inner 
and  outer  covers,  owing  to  the  definite  rates  of  expansion  dis- 
tributed over  a  greater  length.  On  this  account  calculations 
can  only  be  made  with  approximate  accuracy,  because  the 
average  temperatures,  and,  in  particular,  that  of  the  inner 
mantle,  are  unknown. 

Compared  with  the  older  design  of  cylinder-heads,  with  a 
strong  flange  (with  which  both  the  outer  and  inner  casings  of 
the  head  were  cast  together,  and  bolted  to  the  cylinder  proper. 
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and  with  the  outer  and  inner  casings  rigidly  connected  by  the 
branches  of  the  valve-chambers),  the  newer  types  offer  without 
doubt  far  greater  security  against  breakages. 

In  the  older  form  of  cylinder-heads,  the  stresses  caused  by 
the  heat  were  always  much  higher,  at  the  portion  of  the  head 
between  the  branches  for  the  valves  and  the  flange,  than  they 
are  in  any  part  of  the  newest  form  of  cylinders.  In  the  first 
mentioned,  the  inner  surface  of  the  rigidly  connected  parts  was 
exposed  through  the  whole  of  their  length  to  the  highest  tem- 
perature at  each  explosion,  while  modern  cylinders  are  much 
better  in  this  respect. 

With  the  latter  this  can  be  explained  by  the  fact  that,  be- 
cause the  cylinder-covers  project  into  the  cylinder  at  both  ends 
as  far  as  the  surface  of  the  joint,  the  inner  cylinder-walls  are 
cooled  both  from  without  and  from  within  (by  the  cooled  walls 
of  the  cylinder-covers),  and  further,  that  the  middle  portion  of 
the  inner  walls,  or  rather  the  working-surfaces  of  the  cylinder, 
do  not  generally  reach  these  high  temperatures,  and  the  whole 
working-surface  is  passed  over  by  a  cooled  piston. 

In  this  manner  the  average  temperature  of  the  inner  wall  re- 
mains considerably  lower  than  was  the  case  with  the  older  cyl- 
inder-heads, and  the  design  is  also  much  more  trustworthy. 
Many  makers  have  ceased  to  cast  the  valve-chambers,  which, 
with  the  inner  cylinder,  form  one  piece,  together  with  the  outer 
mantle,  and  thus  increase  the  security  of  the  construction. 

This  is  the  reason  why,  during  the  last  few  years,  few  in- 
stances of  cracked  cylinders  have  been  heard  of,  and  in  excep- 
tional cases  where  they  have  occurred,  those  who  have  investi- 
gated the  subject  are  agreed  that  the  cause  of  the  breakage  had 
nothing  to  do  with  the  construction,  but  was  to  be  attributed  to 
the  presence  of  water  in  the  cylinder,  to  the  mantle  being  badly 
washed  in  the  foundry,  and  to  the  formation  of  deposits,  and 
such  like  causes. 

The  exhaust  valve-chambers  also  belong  to  those  portions  of 
a  gas-engine  which,  like  the  cylinders,  cylinder-covers,  and  pis- 
tons, are  exposed  to  dangerous  stresses  caused  by  the  fluctuat- 
ing temperatures  of  their  walls,  so  far  as  the  latter  form  a 
single  casting.  Their  design  requires  for  this  reason  consider- 
able care,  and,  above  all,  a  symmetrical  form. 

The  construction  of  the  exhaust  valve-chamber  of  the  engine 
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of  the  MascMnenbaii-Gesellschaft  I^lirnberg  is  an  improvement 
well  adapted  for  its  purpose  (Fig.  8).  It  fulfils  at  the  same  time 
the  condition  that  the  inner  portion,  Avhich  carries  the  valve- 
seating,  can  be  withdrawn  downwards  with  the  valve,  without 
disconnecting  the  valve-chamber,  or  its  connection  with  the  ex- 
haust-pipe. 

Similar  constructions  are  made    by  the   Gasmotorenfabrik 
Deutz,  by  Ehrhardt  &  Sehmer,  and  other  makers. 

With  several    designs    it  is 


impossible  to  take  out  the  valves 
without  unbolting  the  connec- 
tions of  the  whole  chamber, 
with  the  exhaust-pipe,  and  re- 
moving the  latter ;  for  instance 
the  engines  made  by  the  Elsas- 
siche  Maschinenbau  -  Gesell- 
schaft,  and  the  Markische 
Maschinenbau- Anstalt  (Plates 
IV.  and  v.).  An  arrange- 
ment of  the  exliaust  valve- 
chambers  differing  somewhat 
from  other  constructions  is  that 
of  Schiichtermann  &  Kremer 
(Fig.  37). 

This  chamber,  situated  at  the 
side  of  the  cylinder,  as  seen  in 
the  figure,  is  so  constructed  that 
the  walls  are  entirely  protected 
from  stresses  caused  by  the  vari- 
ations of  temperature.  The 
valve  with  its  spindle  can  in 
this  case  be  withdrawn  up- 
wards. 


Fig.  8. — Exhaust  Valve-Chamber 

OF      THE      MaSCHINENBAU-GeSELL- 
SCHAFT  xSUBNBEEG. 


I  wish  to  point  out  that,  in  order  to  silence  the  exhaust,  a  spray 
of  water  is  employed  with  advantage  in  the  exhaust-pipe,  and 
the  exhaust-vessel  is  made  as  large  as  possible.  In  such  cases 
the  exhaust-pipe  must  be  provided  with  a  drain-pipe  of  sufficient 
dimensions  to  allow  the  water  to  flow  off  freely,  so  that  in  case 
of  negligence  in  the  use  of  the  water-spray — for  instance,  at  the 
starting  of  the  engine — no  water  can  enter  the  cylinder  through 
the  exhaust-valve,  and  thus  occasion  its  destruction. 
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Now  that  the  causes  of  the  less  important  breakages  of  cylin- 
der-covers and  of  pistons  have  been  found  to  be  partly  due  to 
a  faulty  arrangement  of  ribs,  these  difficulties  should  in  future 
be  overcome  by  experienced  makers.  These  accidents  are 
generally  discovered  in  time,  by  a  slight  leakage  of  water,  and 
consequently  the  failing  of  the  ignition  and  the  falling-oft'  of  the 
power  of  the  engine.  It  is  to  be  hoped  that  most  of  the  de- 
signs of  cylinders,  cylinder-covers,  and  pistons  of  the  newer  en- 
gines will  prove  to  be  permanently  trustworthy. 

2.    Valve- Gear. 

Included  in  the  valve-gear  of  gas-engines,  in  addition  to  the 
mechanism  which  is  arranged  for  the  regular  motion  of  the 
principal  inlet-  and  outlet-valves  on  the  cylinder,  for  the  admis- 
sion of  the  mixture,  and  for  the  exhaust  of  the  burnt  gases,  re- 
spectively, are  chiefly  to  be  reckoned  those  parts  which  serve 
to  regulate  the  speed,  through  the  influence  of  the  governor 
and  the  formation  of  the  mixture. 

The  inlet-valve  is  always  cooled  by  the  fresh  mixture  ad- 
mitted ;  it  therefore  requires  no  special  cooling.  It  is,  however, 
absolutely  necessary  that  the  hollow  exhaust- valves  should  be 
water-cooled.  Water  is  circulated  through  the  hollow  valve- 
spindle  ;  at  the  same  time  it  must  be  observed  that  the  spindle 
must  not  be  rendered  water-tight  by  a  stuffing-box,  otherwise 
the  valve  easily  hangs. 

The  valves  are  opened  by  an  exterior  mechanism  driven  by 
eccentrics  or  cams  on  a  side  shaft,  which,  in  the  case  of  four- 
cycle engines,  runs  at  half  the  speed  of  the  crank-shaft.  The 
eccentric-rods  in  nearly  all  designs  are  combined  with  roller- 
levers. 

Thus,  in  spite  of  the  unavoidable  acceleration  of  large 
masses  of  moving  rods,  and  in  spite  of  the  pressure  on  the 
exhaust-valves  when  opened,  the  valves  are  lifted  without 
shocks  and  the  valve-gear  works  smoothly.  The  valves  open- 
ing inwards  are  closed  by  springs. 

The  idea  that  cams  are  not  suitable  for  operating  lift-valve 
gearing  is  incorrect.  A  large  number  of  gas-engines  may  be 
found  working  with  valve-gearing  controlled  by  cams,  and  the 
action  of  the  latter  is  smooth  and  unobjectionable. 

It  is,  of  course,  obvious  that  cams  must  be  combined  with 
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stronger  springs  than  are  necessary  with  eccentrics,  because  with 
the  former,  in  addition  to  the  valve,  spindle,  and  roller-lever, 
the  driving-rod  of  the  gearing  has  also,  as  a  rule,  to  be  accel- 
erated or  moved  by  springs. 

The  strength  of  these  springs,  however,  should  not  be  greater, 
with  regard  to  the  acceleration  of  the  mass,  than  necessary 
for  other  reasons — ?'.e.,  when  the  engine  is  working  by  quantity 
governing  (and  therefore  with  constant  mixture  and  variable 
compression);  because,  if  it  is  running  without  load,  the  springs 
must  be  of  such  a  strength  that  they  will  prevent  the  opening 
of  the  valve  to  the  partial  vacuum  formed  at  the  time  of  the 
suction-stroke  (which  amounts  to  about  one-fourth  atmosphere 
absolute). 

By  the  arrangement  of  a  double-curved  cam,  provided  with 
a  roller  and  a  counter-roller,  a  constrained  motion  of  the  rod 
may  be  obtained  both  for  opening  and  closing  by  the  roller- 
levers  without  the  aid  of  spring  closure,  and  by  a  suitable  de- 
sign of  the  valve-gear,  the  constrainment  can  be  extended  just 
as  well  with  cam  as  with  eccentric,  even  to  the  valve  by  the 
introduction  of  buffer-springs.  The  springs  have  thereby  only 
to  endure  a  compression  of  a  few  millimeters.  This  arrange- 
ment, as  a  rule,  is  applied  only  to  the  exhaust-valve  motion. 

With  eccentric  valve-motions  combined  with  roller-levers, 
the  valve-rod  and  the  active  roller-lever  always  have  to  travel 
a  long  inactive  distance,  and  therefore,  as  regards  the  admis- 
sion-valve motion,  usually  require  a  long  spring,  having  a  com- 
pressive length  equal  to  the  travel  of  the  valve. 

In  view  of  the  satisfactory  results  of  valve-motions,  whether 
controlled  by  cams  or  by  eccentrics,  no  general  decision  can  be 
taken  as  to  which  design  is  the  better  for  all  cases. 

The  most  important  thing  is  to  give  the  cam  the  correct  form 
to  assure  smooth  running;  and  makers  of  gas-engines,  guided 
by  experience,  understand  quite  well  how  to  do  this,  even 
though  the  method  adopted  is  said  not  to  be  in  accordance  with 
the  theory  of  the  cam, 

The  valve-motions  employed  in  large  gas-engines  for  the 
purpose  of  governing  and  forming  the  mixture  maybe  divided 
as  follows : 

(a)  The  Quality  Method  of  Governing,  with  constant  total 
volume  admission  to  the  cylinder  at  each  suction-stroke,  and  there- 
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fore  with  constant  comjjression,  but  supplying  a  variable  mix- 
ture.— With  this  valve-gearing  the  composition  of  the  mixture 
with  a  varying  load  is  so  varied  through  the  actions  of  the 
governor,  that  (at  a  smaller  power  than  the  maximum)  after 
opening  the  inlet-valve,  air  is  first  drawn  into  the  cylinder  and 
then  at  a  certain  position  of  the  piston  (depending  on  the  mo- 
mentary load  on  the  engine  and  the  position  of  the  governor), 
the  opening  of  the  gas- valve  commences,  and  the  mixture  con- 
tinues to  enter  the  cylinder  until  the  end  of  the  suction-stroke, 
when  both  the  inlet-  and  the  gas-valves  close. 

Therefore,  with  a  smaller  load,  more  air  and  less  gas,  but, 
with  a  greater  load,  less  air  and  more  gas,  are  drawn  in.  The 
compression  remains  constant,  but  the  composition  of  the  mix- 
ture during  the  suction-stroke  is  not  only  very  variable  with  a 
varying  load,  but  also  with  a  constant  load.  Seeing  that  at 
first  pure  air  alone  is  admitted,  and  that  it  is  only  afterwards 
that  the  gas  is  drawn  in,  the  air  has  acquired  an  accelerated 
motion  in  the  inlet-pipe,  while  the  gas,  which  is  allowed  to 
enter  gradually,  starts  from  rest  and  has  to  accelerate ;  and  in 
addition  the  gas  has  to  flow  through  an  opening,  the  area  of 
which  is  continually  altering  during  the  period  of  the  opening 
of  the  gas-valve.  The  composition  of  the  mixture  alters  con- 
stantly, owing  to  the  opposing  influence  of  the  air-  and  gas- 
pressures,  and  to  the  alterations  of  the  area  of  the  gas-inlet, 
which  occur  during  the  opening  of  the  gas-valve.  The  old 
gear,  which  is  now  rarely  used,  for  operating  the  gas-valve  by 
inclined  notches,  is  somewhat  upon  the  same  principle.  "With 
the  latter  gear,  the  gas-valve  was  brought  to  the  closing  posi- 
tion at  the  end  of  the  suction-stroke,  and  then  the  trouble 
arose  that,  through  throttling  the  gas,  a  still  poorer  mixture 
ensued.  After  the  compression  this  was  located  exactly  in  the 
neighborhood  of  the  ignition. 

To  get  over  this  difficulty  the  gas-valve  was  not  allowed  to 
close  till  after  the  dead  center  was  reached — i.e.,  until  after 
closing  the  inlet-valve ;  and  so  long  as  the  inlet- valve  remained 
open,  the  gas  was  not  much  throttled. 

The  principal  disadvantages  of  the  latter  are :  the  weak  mix- 
ture ;  with  low  loads,  and  with  the  engine  running  light,  the 
irregular  ignition  caused  by  this,  especially  with  varying  gas- 
pressure,  and  the  resulting  uncertainty  of  governing,  as  well 
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as  a  proportionately  large  consumption  of  gas  with  smaller 
loads. 

The  slow  consumption  of  the  weak  mixture  often  results  in 
the  fact  that  the  exhausting-gases,  and  those  gases  which  re- 
main behind  in  the  cylinder  at  the  beginning  of  the  suction, 
continue  to  burn  and  thereby  ignite  the  incoming  mixture 
afterwards,  owing  to  which  back-firing  occurs  in  the  suction- 
passage,  which  unfavorably  influences  the  governing  and  the 
regular  working  of  the  engine,  especially  when  running  with- 
out load. 

A  valve-gear,  based    upon   the  same    principles,  is    at   the 


Fig.  9. — Valve-Regulation  of  the  Maschinenbau-Gesellschaft 

NiJRNBERG. 

present   time    constructed   by  the    Maschinenbau-Gesellschaft 
l^iirnberg  and  their  licensees  (Figs.  9,  10), 

The  gas-valve  is  lifted  by  an  active  carrier,  a,  of  a  trip-gear 
jointed  to  an  eccentric-rod  and  connected  to  an  active  roller- 
lever,  b,  which  lies  against  a  passive  roller-lever,  c,  whose  posi- 
tion is  fixed  by  the  governor.  By  this  means  the  time  of  the 
opening  of  the  gas-valve  is  dependent  upon  the  position  of  the 
governor.  "When  the  carrier,  a,  is  tripped,  the  gas-valve  falls 
freely  and  closes  at  each  charge,  immediately  with  or  shortly 
after  the  closing  of  the  inlet-valve.  This  valve-gear — with 
the  exception  of  the  exterior  mechanism,  which  is  taken  from 
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the  modern  steam-engine,  and,  moreover,  is  not  free  from  a 
somewhat  objectionable  back-pressure  on  the  governor — is 
in  its  action  only  an  improvement  on  the  inclined  notch- 
gear. 

The  peculiarities  of  the  qualitj'  method  of  governing  de- 
scribed here  induced  the  designer  of  the  ISTiirnberg  engine,  Mr. 
Richter,  to  improve  the  valve-gear,  with  respect  to  the  forma- 
tion of  the  mixture,  in  the  engines  recently  constructed  under 


Fig.  10. — MixixG- AXD  Inlet- Valves  of  the  Maschinesbau-Gesellschaft 

NUKNBERG. 


his  direction  for  the  firm  of  Thyssen  &  Co.,  Miilheim-Ruhr. 
As  shown  by  Fig.  11,  a  balanced  double-seated  valve  is  com- 
bined with  a  sliding-sleeve  on  the  same  spindle,  which,  when 
the  gas-valve  is  shut,  permits  the  admission  of  pure  air  to  the 
inlet-valve  through  a  slit  which  is  always  open.  If  the  gas-valve 
is  lifted,  the  sliding-sleeve  increases  the  area  of  the  air-passage 
regularly  with  the  motion  of  the  gas-valve.  The  object  of  this 
valve-o:ear  is  "  to  obtain  as  regfular  an  acceleration  and  retarda- 
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tion  of  the  air-  and  gas-columns  as  possible,  without  the  par- 
tial vacuum,  induced  by  an  early  cut-ofF,  being  too  high.  Fur- 
ther, as  the  gas-valve  is  double-seated,  a  good  distribution  of 
air  and  gas  is  obtained,  and  at  the  same  time  the  acceleration 
of  the  air-column  is  utilized  to  accelerate  that  of  the  gas- 
column." 

It  is  necessary,  first,  to  ascertain  from  experience  whether 


Fig.  11. — Mixing- Apparattts  of  Thyssen  &  Co.,  Mulheim  a.  d.  Etjhb. 


this  formation  is  really  an  advantage,  and  whether  this  is  not 
out-balanced  by  the  higher  vacuum  produced  in  the  cylinder 
during  the  suction-stroke. 

Should  this  arrangement  of  mixing-valve,  as  opposed  to  the 
ordinary  quality  governing,  not  result  in  the  anticipated  advan- 
tage of  a  more  regular  mixture  with  constant  pressure,  I  rec- 
ommend that  the  air-slide  be  made  to  work  in  an  inverted  man- 
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ner — i.e.,  in  such  a  way  that  it  opens  to  its  farthest  extent  when 
the  gas-valve  is  shut,  so  that,  after  the  gas-valve  has  begun  to 
lift,  it  reduces  to  some  extent  the  area  of  the  opening  for  the 
admission  of  air.  By  this  means,  also,  the  unfavorable  influ- 
ence of  the  air-column  first  accelerated  would  be  lessened. 

The  disadvantages  of  so-called  quality  governing  are  natur- 
ally less  considerable  in  engines  which  work  mostly  on  a  load 
which  varies  little  from  the  normal  load,  such  as  for  the  driv- 
ing of  blowing-engines  and  pumps.  But  for  even  driving  of 
these  latter  I  consider  the  following  method  of  quantity  gov- 
erning preferable  to  quality  governing. 

(6)  Quantity  Method  of  Governing,  with  varying  cut-off,  and  there- 
fore varying  compression,  but  with  constant  mixture. — In  this  method 
of  governing  it  does  not  happen  that,  after  the  inlet-valve  is 
opened,  first  pure  air  and  then  a  continually  varying  mixture 
flows  in,  but  from  the  very  beginning  of  the  stroke  gas  and  air 
are  admitted,  and  always  in  the  same  proportion,  so  that  the 
condition  of  constant  mixture  is  fulfilled — i.e.,  if  the  dift'usion  of 
this  with  the  residual  gases  is  not  taken  into  consideration.  It 
is  clear  that  this  valve-gear  must  give  a  more  regular  mixture 
at  the  normal  power  than  the  quality  method  of  governing. 
For  lower  loads  the  amount  of  the  constant  mixture  is  dimin- 
ished by  the  action  of  the  governor,  either  by  throttling  through- 
out the  whole  length  of  the  suction-stroke,  as  in  the  valve-gear 
of  the  Gasmotorenfabrik  Deutz  (Figs.  24,  25),  or  by  closing 
earlier  by  a  cut-off"  arrangement  (either  a  valve  or  a  slide),  which 
enables  the  air  and  also  gas  to  be  admitted  in  the  desired  pro- 
portions from  the  beginning  of  the  suction-stroke.  This  last 
arrangement  of  quantity  governing  requires  a  special  drive  for 
this  regulating-valve  from  the  valve-gear  shaft,  but  to  compen- 
sate for  this  the  negative  work  with  a  small  load  is  less  during 
the  period  of  suction  than  with  throttling. 

This  manner  of  governing,  according  to  Professor  Meyer,^^ 
gives,  even  with  the  engine  running  unloaded,  an  almost  per- 
fect and  regular  combustion,  from  which  follows  the  possibility 
of  obtaining  effective  governing  when  the  engine  is  running 
almost  without  any  load.  The  consumption  of  gas  with  small 
loads  is  also  more  economical  than  with  the  quality  method  of 


^^  Stahl  und  Eisen,  vol.  xxv.,  pp.  132  to  144  (1905). 
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governing,  although,  as  compared  to  the  consumption  with 
larger  loads,  it  increases,  because  the  compression  is  reduced. 

The  advantages  of  this  method  of  governing  appear  to  be  ac- 
knowledged by  most  of  the  older  makers  of  gas-engines,  with 
the  exception  of  the  Maschinenbau-Gesellschaft  ^N^iirnberg  and 
their  licensees.  It  is  employed  by  Deutz,  Cockerill,  Korting, 
Elsassische  Maschinenbau  Actiengesellsehaft,  Ehrhardt  &  Seh- 
mer,  and  others. 

As  regards  the  disadvantages  of  quantity  governing,  it  may 
be  stated  that,  owing  to  the  reduced  compression  at  small  loads, 
the  smooth  running  of  the  crank-gear  is  unfavorably  influenced, 
and  the  partial  vacuum  formed  in  the  cylinder,  when  the  load 
is  taken  off  the  engine  towards  the  end  of  the  suction  period, 
necessitates  the  use  of  very  strong  springs  to  load  the  valves  in 
order  to  prevent  them  from  re-opening  and  thus  causing  ham- 
mering and  also  prejudicing  exact  governing. 

(e)  Combined  Quantity  and  Quality  Method  of  Governing. — An 
example  of  a  valve-gear  of  this  kind  is  that  of  Mr,  Reichenbach, 
constructed  by  the  Maschinenbau  A.  G.  Union,  Essen,  and  by 
the  Maschinenbau- Anstalt  of  Gorlitz,  in  which,  from  the  maxi- 
mum power,  down  to  a  certain  power,  only  the  amount  of  the 
constant  mixture  is  varied,  while  from  this  power,  down  to  the 
power  when  the  engine  is  running  unloaded,  proportionately 
more  air  is  added ;  that  is,  the  mixture  is  weakened,  in  order 
not  to  allow  the  compression  to  fall  too  much  when  running 
without  load.  In  order  to  assure  the  ignition  and  combustion 
of  the  weaker  mixture,  at  low  powers,  Reichenbach  allows,  with 
small  loads,  the  moment  of  ignition  to  be  so  regulated  by  the 
governor,  that  the  ignition,  from  the  beginning  of  the  weaken- 
ing of  the  mixture,  with  a  diminishing  load,  takes  place  earlier. 

By  this  valve-gear,  which  will  certainly  prove  effective,  the 
air  as  well  as  the  gas,  each  separately,  then  the  mixture  formed, 
and  finally  the  ignition,  should  all  be  controlled  by  one  or  two 
governors. 

{d)  Governing  loith  a  Constant  Mixture  and  Constant  Comjnes- 
sion. — A  governor  working  in  this  manner  has  been  patented 
by  me  and  constructed  by  Schiichtermann  &  Kremer  (Fig.  12). 
It  was  constructed  in  answer  to  a  demand  by  Professor  Meyer^^ 

"  Stahl  imd  Eisen,  vol.  xxv.,  pp.  132  to  144  (1905). 
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for  a  method  of  arranging  the  mixture  which,  at  constant  com- 
pression*, and  with  increasing  quantity  of  air,  renders  complete 


Fig.  12. — Reinhardt's  Patent  Inlet-Governor  as  Constructed  by 

SCHUCHTERMANN    &    KrEMER,   DoRTMTJND. 

combustion  possible,  even  when  the  engine  is  running  with- 
out load. 

The  disposition  of  this  governor  consists  therein,  that  two 
separate  air-ports  and  a  gas-port  lead  into  the  cylindrical  space 
above  the  inlet-valve. 
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The  inlet-valve  opens  at  the  commencement  of,  and  closes  at 
the  end  of,  the  suction-stroke.  In  the  cylindrical  chamber  above 
the  inlet-valve,  and  independently  of  it,  a  slide  moves  in  such 
a  manner  that  it  first  keeps  the  gas-port,  I,,  and  then  one  of 
the  air-ports,  II.,  shut,  while  it  allows  the  admission  of  pure 
air  through  the  air-port.  III.,  until,  at  a  position  of  the  piston 
depending  on  the  load  at  that  moment,  influenced  by  the  gov- 
ernor, it  is  suddenly  disconnected  from  its  outer  mechanism, 
and  through  its  resulting  rapid  downward  motion,  suddenly 
closes  the  air-port,  III.,  at  the  same  time,  however,  opening 
the  air-port,  II.,  and  the  gas-port,  I.,  so  that  both  air  and  gas 
enter  for  the  mixture,  both  from  rest,  and  through  areas  which 
are  of  correct  proportions.  Only  after  the  inlet-valve  is  closed 
does  the  slide  again  move  upwards. 

3.  Staffing- Boxes,  Cooled  Pistons,  and  Piston-Bods. 

These  important  parts  of  large  double-acting  motors  offer  at 
the  present  time  less  difficulties  than  could  ever  have  been  ex- 
pected. 

There  are  stuffing-boxes  of  various  constructions  in  use,  all 
of  which  give  satisfaction,  and  the  following  packings  may  be 
cited  as  examples :  Sieger  (Fig.  13),  Maschinenbau-Gesell- 
schaft  ISTurnberg  (Fig.  14),  Elsassische  Maschinenbau-Gesell- 
schaft  (Fig.  15). 

The  construction  of  these  packings  can  be  clearly  seen  from 
the  figures,  and  requires  no  special  description. 

With  several  packings  all  the  rings  are  made  of  cast-iron. 
In  a  few  types  only  those  rings  situated  nearest  to  the  explo- 
sion-chamber are  of  cast-iron,  while  the  remaining  rings  are 
made  of  suitable  white  metal.  Several  packings  have  an  extra 
front-packing — e.g.,  in  the  Howaldt  packing. 

Most  packings  permit  a  movement  of  the  packing-rings  in 
a  direction  perpendicular  to  the  axis  of  the  cylinder  only ;  a 
few  others  also  allow  a  slightly  inclined  motion  of  the  rod. 

Great  care  must  be  taken  that  the  cylinder-cover  is  well 
cooled,  that  the  packing-rings  are  well  lubricated,  and  that 
they  have  never  to  support  the  weight  of  the  piston-rod. 
This  might  happen,  however,  if,  in  the  course  of  time,  the 
clearance  between  the  packing-rings  and  the  stuffing-box  should 
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become  filled  with  burnt  residues.  Therefore  it  is  necessary, 
from  time  to  time,  to  remove  the  packing  for  cleaning,  and  for 
this  reason  it  is  advisable  to  make  the  stuffing-box  a  separate 
and  easily  removable  part  (Fig.  13),  and  not  continuous  with 
the  cover. 

The  following  description  of  the  various  types  of  gas-engines 
shows  that  the  pistons,  cooled  through  the  hollow  piston-rods, 
differ  in  construction.  They  have  proved  very  difficult  to  de- 
sign ;  pistons  broke  both  when  they  were  made  in  one  or  more 
pieces  and  when  they  were  low  or  high  in  tensile  strength. 
With  the  thicknesses  of  walls,  which  are  necessary  to  transmit 


fetiernder  Kugelring  ^ 


Fig.  13. —The  Sieger  Packing. 


the  energy  of  the  explosion,  the  initial  stresses  in  pistons  are 
already  dangerous,  wherefore  it  is  necessary  to  reheat  the  cast- 
steel  pistons  after  casting.  It  is,  moreover,  not  advisable  to 
stiffen  them  with  ribs,  as  these,  as  is  the  case  with  cylinder- 
heads  and  cylinder-covers,  often  are  the  cause  of  fracture. 
With  pistons  divided  into  two  parts,  great  attention  must  be 
given  to  the  joint  to  prevent  leakage  of  the  cooling-water, 
which  is  under  pressure  of  from  3  to  5  atmospheres,  at  the 
circumference  of  the  piston,  as  even  the  smallest  leakage 
prevents  the  formation  of  the  electric  spark  necessary  for  ig- 
nition. 


706       GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES. 

Finally,  the  fixing  of  the  piston  on  the  rod  is  a  very  impor- 
tant point. 

The  old-fashioned  method  of  securing  the  piston  to  the 
piston-rod  by  a  screwed  end  and  a  nut  may  be  employed  if 
the  materials  of  the  rod  and  of  the  nut  are  of  very  different 
hardnesses;  otherwise,  as  proved  by  experience,  a  slackening 
of  the  nut  is  often  impossible.  The  most  practical  design  for 
this  purpose  is  certainly  that  first  constructed  by  Cockerill,  in 
which  the  two  halves  of  the  piston  are  pressed  against  a  flange, 
forged  on  the  piston-rod,  by  small  screws,  which  can  easily  be 
slackened. 

The  cooling  of  the  piston-rod  and  of  the  piston  is  now  gen- 


FiG.  14. — Packing  of  the  Maschinexbau-Gesellschaft  Nurnberg. 


erally  so  arranged  that  the  cooling-water  enters  the  rod  at  one 
end  and  flows  out  at  the  other.  A  flowing-back  is  avoided  by 
a  pipe  being  fitted  in  the  bore  of  the  piston-rod.  In  tandem- 
engines  this  arrangement  is  either  on  each  cylinder,  or  the  cool- 
ing-water is  allowed  to  pass  through  both  rods  and  both  pistons, 
one  after  the  other.  In  the  first  case  the  cooling-water  must 
be  at  a  pressure  of  from  2.5  to  3  atmospheres,  and  in  the  sec- 
ond from  4.5  to  5  atmospheres.  Concerning  the  manufacture 
of  the  piston-rod,  that  system  is  naturally  the  best  by  which  the 
axis  of  the  piston-rod,  when  erected  and  loaded  with  the  pistons 
and  the  water  they  contain,  is  a  straight  line.     In  order  to 
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attain  this  end  the  piston-rod,  loaded  in  this  manner,  can  be 
turned  by  keeping  the  rod  fixed  and  allowing  the  tool  to  turn, 
or  the  rod  is  turned  with  the  lathe-centers  displaced  in  such  a 
manner,  that  at  the  middle  point  of  a  line  joining  the  centers 
of  the  end-sections  the  rod  has  a  deviation  which  is  equal  to 
the  deflection  of  the  rod  when  loaded. 

This  method  is  not  generally  adopted  in  two-cycle  engines, 
because  the  piston  is  too  long,  being  equal  to  the  stroke  of  the 
engine;  it  is  also  too  heavy.    The  piston  is  allowed  to  rest  on  the 
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Fig.  15. — Pack]>'G  of  the  Elsassische  Maschinexbau-Gesellschaft, 

mulhausen. 


cylinder  at  the  risk  of  greater  wear  of  the  latter.  Although  it 
is  evident  that  a  free-bearing  piston,  which  does  not  unduly 
load  the  working-surfaces,  and  a  piston-rod  working  straight 
and  not  arched,  are  of  great  value  in  minimizing  wear  of  the 
cylinder  and  maintaining  tightness  in  the  stufling-boxes,  yet, 
on  the  other  hand,  the  danger  of  wear  of  the  cylinder  through 
the  weight  of  the  piston  in  two-cycle  engines  must  not  be  ex- 
aggerated. This  wear  is  in  any  case  much  greater  at  the  edges 
of  the  piston-rings,  which  often  require  replacing  in  large  num- 
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bers,  especially  when  they  are  made  with  too  strong  a  spring, 
than  that  arising  from  the  weight  of  the  piston.  This  follows 
also  from  experience  which  was  gained  with  the  old  four-cycle 
motors,  in  which  the  piston  at  the  same  time  formed  the  cross- 
head,  and  thereby,  in  addition  to  the  load  due  to  its  own  weight, 
transferred  the  much  greater  guiding-pressure  to  the  surface 
of  the  cylinder.  In  these  engines  wear  was  principally  encoun- 
tered at  that  part  of  the  cylinder  over  which  the  piston-rings 
passed  and  the  front  portion  of  the  cylinder,  but  the  piston  itself 
showed  hardly  any  signs  of  wear.  Therefore,  not  more  piston- 
rings  should  be  used  than  are  necessary  to  keep  the  long  double- 
cycle  pistons  tight ;  moreover,  it  is  better  to  distribute  them  at 
both  ends  of  the  piston. 

The  lower  surface  of  the  cylinder,  which  should  be  well 
lubricated,  would  wear  better  if  the  exhaust  ports  were  omitted, 
for  much  of  the  oil  blows  out  through  them. 

4.  Ignition  and  Starting. 

A  magneto-electric  apparatus,  driven  by  the  engine,  is  gen- 
erally employed  for  producing  the  electric  spark  to  ignite  the 
mixture  at  the  end  of  the  compression-stroke.  These  have  in 
all  cases  given  satisfaction.  The  induction-spark,  by  the  aid  of 
an  accumulator,  as  employed  by  the  Maschinenbau-Gesell- 
schaft  Xurnberg,  is  also  satisfactory.  Frequently  two  igniters 
at  each  end  of  the  cylinder  are  fitted  to  insure  safety  and  rapid- 
ity of  the  ignition  and  combustion  even  should  one  be  out 
of  order.  The  ignition-plugs — which  are  fitted  in  the  combus- 
tion-chamber of  the  engine,  and  there  carry  the  levers,  by  the 
separation  of  which  the  contact  is  broken  and  the  spark  cre- 
ated— were  formerly  cooled  by  a  circulation  of  water.  This 
has,  however,  been  found  to  be  unnecessary,  and  the  plugs  can 
now  be  easily  removed  without  disturbing  the  water-connec- 
tions. 

The  rapid  removal  ot  plugs  is  important,  because  the  pres- 
ence of  bad  gas  and  the  non-production  of  the  spark  are  the 
principal  causes,  in  modern  engines,  of  a  refusal  to  start ;  hap- 
pily this  does  not  often  occur.  If  the  magneto-electric  appa- 
ratus is  in  good  order,  it  is  clearly  indicated  that  the  plug  is 
covered  with  moisture,  and  hence  no  spark  can  be  originated. 

Dampness  can  be  deposited  during  the  night  when  the  en- 
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gine  is  not  running,  also  when  the  admission-  and  exhaust- valves 
are  open.  In  starting  it  may  be  condensed  and  settle  from  the 
compressed  air  used,  if  this  contains  moisture.  In  many  plants 
the  rule  is  to  remove  the  plugs  each  time  the  engines  are  started 
and  thoroughly  heat  them. 

To  prevent  water  or  moist  compressed  air  being  carried  over 
from  the  air-holder,  care  must  be  taken  to  drain  the  latter,  also 
to  take  the  air  from  the  highest  point  of  the  holder. 

Should  ignition  fail  at  one  end  of  the  cylinder  while  the  en- 
gine is  working,  this  requires  the  driver's  special  attention. 
This  failure  may  be  occasioned  by  a  leakage  of  the  cooling-water 
from  the  piston,  at  a  pressure  of  from  3  to  5  atmospheres,  by 
the  partial  fracture  of  the  piston,  of  the  walls  of  the  cylinder, 
or  of  the  cover.  This  water,  leaking  out  during  the  suction 
period,  squirts  against  the  plugs  on  the  return  stroke  of  the 
piston. 

In  such  cases,  when  the  driver  is  convinced  that  the  outer 
ignition  apparatus  is  in  good  order,  the  engine  must  be  stopped 
and  the  reason  of  the  ignition  failure  ascertained;  also,  if  the 
load  on  the  engine  will  allow  of  it  being  done,  one  end  or  one 
cylinder  should  be  put  out  of  service.  If,  however,  they  cannot 
be  spared,  at  any  rate  the  gas  in  the  cylinder  concerned  must  be 
shut  off,  and  the  compression  working  cut  out,  for  instance,  by 
wedging  up  the  exhaust- valve.  If  it  is  supposed  that  the  piston 
is  cracked,  even  though  the  leakage  be  very  slight,  the  cylinder 
should  only  be  kept  at  work  in  case  of  great  necessity,  because 
the  presence  of  water  in  the  cylinder  quickly  causes  consider- 
able wear.  If  the  precaution  is  taken  to  heat  the  ignition- 
plugs  before  starting,  and,  moreover,  to  make  sure  that  the  gas 
is  suitable  and  burning  with  a  steady  bluish"  flame,  the  start- 
ing of  gas-engines  no  longer  offers  the  slightest  difficulty. 
Further,  since  the  general  adoption  of  compressed  air  for 
starting  large  gas-engines,  the  time  has  passed  when  Hours, 
and  even  days,  were  spent  in  vain  efforts  to  make  the  engine 
start. 

The  pressure  of  the  air  employed  ranges  from  6  to  25  atmos- 
pheres. In  most  cases  the  valves  work  in  the  same  cycle  when 
starting  as  when  running.  The  compressed  air  is  admitted  at 
what  would  usually  be  the  commencement  of  the  combustion- 
stroke  and  gives  the  engine  a  start.     The  moment  of  admission 
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of  the  compressed  air  should  be  determined  in  consideration  of 
the  fact  that,  in  case  of  an  ignition  of  the  gases  now  drawn  in, 
the  combustion-pressure  attained  is  higher  than  that  of  the  com- 
pressed air.  Further,  no  such  admission  should  take  place  be- 
fore or  during  combustion,  as  it  would  deteriorate  the  mixture, 
In  multiple-cylinder  engines,  particularly  two-cycle  engines, 
which  can  start  with  a  correspondingly  small  load,  starting  is 
often  possible  by  admitting  compressed  air  to  one  cylinder.  In 
such  cases  ignition  must  be  allowed  to  take  place  in  the  second 
cylinder,  then  the  compressed  air  must  be  shut  off  in  the  first 
cylinder,  and  then  after  a  few  revolutions,  and  after  the  mois- 
ture originating  from  the  compressed  air  has  been  evaporated 
by  the  heat  developed  by  compression,  the  gas-valve  in  the  first 
cylinder  must  also  be  opened.  In  starting  gas-engines  the  ig- 
nition mechanism  must  be  so  arranged  that  ignition  of  the  mix- 
ture takes  place  at  a  time  which  corresponds  to  a  smaller  crank- 
angle,  distant  from  the  dead  center,  than  obtains  at  the  regular 
speed.  In  the  same  manner  the  ignition  must  also  be  regu- 
lated by  hand  if  the  number  of  revolutions  of  the  engine  is 
variable,  as  is  the  case  with  gas-blowers. 

V.    The  Various  Types. 

1.  Double-Acting  Four-Cyde  Engine  of  the  Maschinenbau-Gesell- 

schaft  Nilrnberg.     (Figs.  16,  17,  18,  19,  20,  21, 

22,  and  Plate  I.) 

This  firm  and  their  licensees,  Hani  el  &  Lueg,  Diisseldorf, 
and  Friedrich-Wllhelmshiitte,  Miilheim  on  the  Ruhr,  have,  if 
size  and  horse-powei:  are  taken  into  consideration,  constructed 
the  greatest  proportion  of  large  gas-engines  in  Germany,  in- 
cluding the  largest  units — namely,  twin  tandem  engines  from 
3,600  to  4,000  brake  horse-power. 

As  shown  by  the  Niirnberg  single-cylinder  engine  (Figs.  16, 
17,  18),  and  by  the  tandem  engine  driving  a  blowing-cylinder 
also  in  tandem  (Plate  I.),  the  design  is  very  similar  to  that  of 
steam-engines. 

The  graceful  form  and  the  careful  design  of  the  principal 
parts  of  the  Eiirnberg  engines  are  clear  from  the  figures,  and 
require  no  further  comment. 

The  frame  of  the  engine  is  open  at  the  top  to  render  the 
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crosshead,  stuffing-box,  and  cylinder-cover  accessible;  but  the 
opening  is  entirely  covered  with  a  plate  when  the  engine  is 
running.  The  open  frame  terminates  in  a  strong  circular 
flange  to  form  a  concentric  point  with  the  cylinder;  the  flange 


Fio.  18. — Cross-Section  of  Cylinder  of  the  Maschinenbau-Gesellschaft 

NiJRNBERG. 


is  strengthened  by  tension-rods  extending  to  the  part  which 
forms  the  crank  shaft-bearing.  The  distance-pieces,  which  are 
also  strengthened  by  tension-rods,  unite  the  separate  cylinders 
in  a  similar  concentric  manner.     Owing  to  this  method  of  con- 
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struction  the  erection  of  the  engine  is  easy  and  exact.  The 
lower  portions  of  the  distance-pieces  (Plate  I.)  form  the  cross- 
head  guides  for  supporting  the  piston-rods;  and  the  upper  por- 
tion is  provided  with  an  opening  through  which  the  cylinder- 
cover  and  piston  can  be  removed. 

The  cylinders  are  entirely  symmetrical,  with  wide  flanges 
forming  large  cooling-spaces.  A  number  of  examination- 
doors  are  provided  for  clearing  out,  when  necessary,  any  de- 
posit. At  each  cylinder-end  there  is  an  inlet-valve  above  and 
an  exhaust-valve  below ;  and  these  valves  are  situated  well  out- 
ward from  the  cylinder-walls,  so  that  the  highest  temperatures 
occurring  have  to  extend  their  unfavorable  influence  along  the 
axes  of  the  valves  to  the  outer  valve-boxes. 

The  gearing  of  all  the  valves  is  operated  by  an  eccentric 
and  roller-levers.  The  gas-valves  are  situated  in  the  longitu- 
dinal axis  of  the  cylinder  close  to  the  inlet-valves,  and  their 
motion  is  controlled  by  the  governor. 

For  the  method  of  governing  and  the  formation  of  the  mix- 
ture and  of  the  exhaust-valve  chambers,  the  author  would  refer 
to  what  has  already  been  mentioned  (p.  698). 

The  pistons  are  cast  hollow  but  in  one  piece,  and  are  pressed 
on  to  the  conical  part  of  the  rod  by  nuts  recessed  into  the  pis- 
tons. By  this  means  the  front  and  back  cylinder-covers  can 
be  made  symmetrical. 

The  lubrication  of  all  the  working-parts  is  arranged  in  an 
effective  manner  from  a  central  position. 

Fig.  19  shows  a  I^iirnberg  tandem  engine  with  the  front  cyl- 
inder-covers removed,  and  prepared  ready  for  cleaning  the 
front  valves. 

With  the  front  cover  removed  the  front  exhaust-valve  is  ac- 
cessible from  the  crosshead  guide  and  under  the  piston-rod. 
Attention  is,  however,  drawn  to  the  fact  that,  after  having 
screwed  oif  the  cylinder-cover  and  taken  of!"  the  heavy  cover  in 
the  manner  described,  this  valve  is  accessible,  although  not  al- 
together easily.  Much  stress  should  not  be  laid  on  this  accessi- 
bility with  cylinders  of  less  than  500  horse-power. 

This  applies  to  all  systems  in  which  the  exhaust-valves  are 
placed  below  the  piston-rod. 

The  cleaner  the  gas  and  the  purer  the  water  for  cooling  the 
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valves,  the  less  important  is 
it  that  the  valves  should  be 
easily  accessible. 

The  construction  of  the 
blowing-cylinder  of  the  Masch- 
inenbau-Gesellschaft  Niirn- 
berg  can  be  seen  from  Plate  I. 

The  inlet-valves  are  con- 
trolled by  an  eccentric  on  the 
crank-shaft  and  a  link-motion 
with  long  rods,  in  such  a  man- 
ner that,  with  an  equal  power 
of  the  engine,  should  the  air- 
pressure  become  higher  than 
usual,  a  smaller  quantity  of 
air  is  drawn  in,  also  giving  re- 
lief when  starting.  The  pres- 
sure-valve gear  consists  of 
valves  preceded  by  slide- 
valves,  so  controlled  that  they 
open  much  earlier  than  the 
pressure-valves,  but  at  the 
dead  center  they  close  and 
thus  give  the  pressure-valves 
(which  are  loaded  with  light 
springs)  time  to  close.  Seeing 
that  while  the  volumetric  effi- 
ciency, both  with  isothermal 
and  adiabatic  compression,  is 
without  influence  on  the  work 
to  be  done  per  unit  of  the 
quantity  of  air  compressed,  the 
heavy  and  copious  lubrication 
required  by  pressure  slide- 
valves  may  only  favor  the  use 
of  valves  with  a  long  lift  and 
with  light  spring  pressure. 
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2.  Double- Acting,  Four-Cycle  Engine  of  the  Gasmotorenfahrik  Deutz. 
Figs.  23,  24,  25,  26,  and  Plate  II. 
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The  Gasmotorenfabrik  Deutz  engines  have  lately  been  de- 
scribed by  Professor  Meyer.^^ 

The  details  of  the  cylinder  of  a  250  h.p.  single-cylinder  en- 

5  Stahl  und  Eisen,  vol.  xxv.,  pp.  67  to  72,  132  to  144  (1905). 
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gine  have  already  been  described.  This  was  the  first  engine  of 
this  type  constructed  by  the  Gasmotorenfabrik  Deutz.  Having 
regard  to  what  has  already  been  stated,  the  peculiarities  of  the 


<   a 

2  -^ 

o    W 


05 


o    z 


X 

'J5 


construction  require  no  further  explanation.  It  may  oe  re- 
marked that  in  these  smaller  engines  the  guides  are  of  the  cir- 
cular inclosed  type  (Fig.  23). 
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The  valve-gear  of  this  engine  is  actuated  by  cams,  and  the 
quantity  governing  (with  a  constant  mixture)  is  attained  by 
throttling,  by  the  governor  working  with  a  movable  fulcrum 


on  the  lever  of  the  inlet-valve,  by  which  means  the  lift  of  the 
inlet-valve  is  increased  or  reduced.  This  arrangement  of  the 
valve-gear  is  simple,  as  no  special  gas-valve  has  to  be  controlled. 
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It  would  not,  however,  be  suitable  for  engines  with  two  or  more 
cylinders,  say  with  four  inlet-valves,  for  the  movable  fulcrum 
of  at  least  one  valve-lever  would  be  fixed  by  the  action  of  a 
strong  valve-spring,  and  thereby  the  governor  would  encounter 
excessive  resistance.  For  this  reason  the  Gasmotorenfabrik 
Deutz,  in  their  latest  engines,  have  placed,  at  the  side  of  the 


o 


w 


principal  valve,  a  special  mixing-valve  for  the  admission  of  gas 
and  air,  so  that  when  the  governor  operates,  the  fulcrum  ot  the 
lever  of  the  main  valve  is  fixed  while  that  of  the  mixing-valve 
is  moved  (Fig.  24),  thereby  considerably  reducing  the  resistance 
to  the  governor,  and,  moreover,  the  mixing-valve  is  rendered 
accessible  for  cleaning. 

Seeing  that  the  mixing-valve  is  controlled  by  the  mechanism 
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of  the  main  valve,  the  gear  is  simple.     From  Fig.  24  it  will  be 
further  seen  that  the  Gasmotorenfabrik  Deiitz  has  introduced  a 


Fig.  24. — Newer  Inlet-  and  Outlet-Valve  Kegulation  of  the 
Gasmotorenfabrik  Deutz. 

patented  arrangement  of  a  bell-crank  lever  in  front  of  the  valve- 
levers,  which,  on  the  one  hand,  replaces  the  action  of  rolling- 
levers  in  lifting  and  closing  the  valves,  and,  on  the  other  hand, 
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prevents  undesirable  opening  of  the  valves,  whicli  may  occur 
v^hen  the  engine  is  lightly  loaded  or  running  without  load. 

"When  the  valve  is  closed  the  bell-crank  lever  is  in  its  limit- 
ing position,  so  that  the  forces  transmitted  by  the  valves  can 
cause  no  bending  of  the  bell-crank  lever,  and  therefore  no  mo- 
tion. As  shown  in  Fig.  24,  the  Gasmotorenfabrik  Deutz  now 
makes  a  complete  separation  of  the  inner  and  outer  cylinder 
walls  at  the  intersection  with  the  valve-chambers,  whereby  the 
stresses  due  to  heat  are  reduced. 

The  arrangement  of  the  governor-gearing  of  the  Deutz 
engine  here  described  gives  only  a  downward  resistance  for 
the  fulcrum  of  the  lever  of  the  mixing- valve.  Should  the  valve- 
spindle  or  the  spindle-guides  become  dirty  and  stick,  the  weight 
of  the  mixing-valve  and  the  pressure  of  the  spring  are  no  longer 
sufficient  to  overcome  the  resistance,  and  the  action  of  the  gov- 
ernor will  be  unreliable. 

In  the  construction  of  their  2,000-h.p.  tandem  engine  (Fig. 
25,  Plate  II.)  this  possibility  is,  however,  removed,  because,  in 
this  engine,  the  lever  of  the  mixing-valve  is  made  in  the  form 
of  a  closed  link,  which  on  both  sides  incloses  the  movable 
fulcrum.  The  movable  fulcrum  of  the  mixing-valve  lever  is 
thereby  the  end-point  of  a  lever  capable  of  being  turned  on  a 
fixed  center  by  the  governor,  the  length  of  which  represents 
the  radius  of  the  curve  of  the  link.  In  this  case  the  strong 
spring  of  the  inlet-valve,  together  with  the  weight  of  the  mix- 
ing-valve and  its  light  springs,  aids  the' closing  of  the  valve. 
,  The  Gasmotorenfabrik  Deutz  construct  the  frames  of  this 
type  of  engine  (Plate  II.)  open  at  the  top.  Each  cylinder  con- 
sists of  a  cast-iron  liner,  to  which  the  cast-steel  cylinder-heads 
are  bolted  by  means  of  flanges.  The  outer  jacket  is  then  com- 
pleted by  a  circular  casting  in  two  pieces. 

Although  this  construction,  in  my  opinion,  is  not  safer  than 
that  in  which  the  cylinder-heads  and  the  liner  were  cast  to- 
gether, it  has  the  advantage  that  the  simple  cylinder-liners  can 
be  easily  made  of  hard  cast-iron. 

The  valve  gearing  is  operated  by  round-back  cams  with 
roller-levers  (Fig.  25);  at  each  cylinder-end  there  is  only  one 
cam  for  the  simultaneous  operation  of  the  inlet-  and  outlet- 
,valves. 

The  last-mentioned  is  double-seated  in  a  manner  similar  to 
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the  valves  of  steam-engines;  but  as,  however,  exhaust  only 
takes  place  at  the  top  seating,  the  deposit  of  dirt  and  cinders 
on  the  bottom  seating  must  be  considered. 

The  roller-levers  of  the  inlet-  and  outlet- valve  gearing  can 
be  put  out  of  gear  by  hanging  the  roller-path  to  the  levers, 


Fig.  25.— Eegulation  of  Inlet  and  Exhaust  of  2,000-h.p.  Gas-Engine 

OF    THE  GaSMOTORENFABRIK   DeUTZ. 

which  can  be  interspersed  round  the  eccentric  pins  a,  a  (Fig. 
25),    With  the  exhaust-valve  gearing  the  whole  system  of  rods 
can  be  disconnected  from  the  outlet-valve  spindle  by  removing 
a  bolt,  b,  80  that  the  outlet-valve  with  its  seating  can  be  taken, 
down. 


« 
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This  engine,  as  represented  in  Fig.  26,  is  at  work  at  the 
Hoerder  Verein  iron-works,  and  is  remarkable  owino-  to  its  ele- 


gant design,  strong  construction,  great  simplicity,  and  faultless 
working. 

VOL.  XXXVII. — 45 
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3.  Double-Actim/  Four-Cycle  Engine  by  Ehrhardt  cf  Sehmer^ 
SchleifmuMe.     (Figs.  27,  28,  29,  30,  and  Plate  III.) 

Ehrhardt  &  Sehmer  are  licensees  of  the  Gasmotorenfabrik 
Deutz.     Their   gas-engines  are   constructed,  as  those  of   the 


Fig.  27. — Opeeatiox  of  Mixing- Valve  of  Ehrhardt  &  Sehmer, 

SCHLEIFMtJHLE. 

flatter,  with  quantity  governing,  but  in  other  respects  they 
have  not  retained  the  outer  arrangement  of  the  Deutz  engine ; 
for  instance,  with  respect  to  the  operation  of  the  mixing-valve. 
The  inlet- valves  and  mixing-valves  are  in  a  similar  erection  in 
the  longitudinal  axis  of  the  cylinder,  as  is  the  case  with  the 
Niirnberg  engine,  with  this  exception,  that  in  the  Ehrhardt  & 
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Sehmer  engine  each  valve,  including  the  mixing-valves,  is  oper- 
ated by  a  round-back  cam  (Figs.  27,  28). 

The  mixing-valves  are,  according    to  information  received 
from  the  firm,  arranged  in  such  a  manner  that,  for  working 


Fig.  28.— Operation  of  Inlet-  and  Outlet- Valves  of  Ehrhakdt  & 
Sehmer,  Schleifmuhle. 

with  various  gases,  the  area  of  the  valve-passage  can  be  varied. 
The  cylinders  have  large  water-cooling  spaces.  They  and 
the  water-jacket  are  cast  in  one  piece,  and  are,  as  in  the  case 
of  the  Niirnberg  engine,  supported  by  the  frames,  by  the  dis- 
tance-piece, between  the  cylinders,  and  by  the  back  guide.    The 
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outlet-valves  can  be  removed,  with  their  casings,  without  dis- 
connecting the  piping,  the  space  under  the  cylinders  being  en- 
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tirelv  free.     It  will  be  seen  from  the  fio-ures  that  all'  the  details 
of  this  engine  are  well  made  and  of  strong  proportions. 
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4.  Double- Acting  Four-Cycle  Engine  by  the  Mdrkische  Maschvnen- 
bau-Anstalt,  Wetter-Ruhr.     (Plate  IV.) 

The  Markische  Maschinenbau-Anstalt  is  the  licensee  of  the 
Belgian  firm,  Cockerill,  and  adheres  to  their  design. 

The   massive  frame  supports  the  guides  between  two  hio-h 
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cheeks,  which  in  tandem  engines  are  continued  to  the  back  cyl- 
inder, and  the  stresses  are  thus  transferred  to  the  crank-shaft 
bearing. 

Less  objection  can  be  made  to  this  manner  of  construction 
than  to  the  retention  of  the  class  of  cylinder-heads  that  are  so 
liable  to  fracture — even  though  they  are  closed  with  a  cylinder- 
cover — and  to  the  construction  of  such  cylinder-heads,  each  cast 
in  one  piece  with  the  cheeks  of  the  frame. 

Cockerill  themselves  discarded  this  construction  in  the  en- 
gines they  exhibited  at  the  International  Exhibition  of  Liege, 
while  they  no  longer  construct  the  cylinder-heads,  nor  cast  the 
cylinder  together  with  the  side-cheeks  of  the  frame. 

In  Plate  IV.  it  may  be  further  observed  that  the  outer  casing 
is  divided  in  the  middle  and  closed  by  a  ring,  which  is  slipped 
over  and  made  tight  by  short  stuffing-boxes.  The  valves  are 
operated  by  cams  and  roller-levers. 

Up  to  the  present  time  the  Miirkische  Maschinenbau-Anstalt 
have  built  their  engines  with  quality  governing  ;  they  propose 
in  the  future  to  employ  the  quantity  method  of  governing. 

The  arrangement  for  admitting  the  water  for  cooling  the  pis- 
tons is  very  carefully  designed.  Water  is  admitted  by  means 
of  a  combination  of  a  turned  tube  with  a  telescope  sliding-pipe. 
The  water  is  conducted  away  from  the  piston-rod  by  a  pipe, 
screwed  into  the  piston-rod,  which  travels  backwards  and  for- 
wards in  a  slot  in  the  cover  of  a  trough.  To  remove  the  ex- 
haust-valve the  whole  valve-casing  must  be  disconnected  from 
the  pipe. 

5.  Douhle-Acting  Four-  Cycle  Engine  by  the  Elsdssische  Maschinenbau- 
Gesellschaft,  Miilhausen.    (Figs.  31,  32,  32a,  33,  and  Plate  V.) 

This  firm  originally,  as  the  licensees  of  the  company,  also 
constructed  engines  of  the  Cockerill  type ;  latterly,  however, 
they  have  entirely  modified  their  designs.  This  may  be  seen 
by  comparing  the  engine  of  the  Miirkische  Maschinenbau-An- 
stalt (Plate  IV.)  with  the  tandem  blowing-engine  of  the  Elsas- 
sische  Maschinenbau-Gesellschaft  (Plate  V.  and  Fig.  31). 

Two  such  engines,  each  of  1,500  h.p.,  have  been  working  for 
a  considerable  time  at  the  Difterdingen  iron-works,  and  are  re- 
markable for  their  steady  running,  and,  as  may  be  seen  from 
Plate  V.  and  Fig.  32,  for  their  well-designed  forms  and  well- 
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thou2"ht-out  desio-n  of  all  details.  The  frames  consist  of  two 
girders,  symmetrical  with  the  longitudinal  axis  of  the  engines, 
joined  together  by  cross-pieces,  which  join  the  massive  flanged 


Fig.  31. — Eegulation  of  Gas-Cylinder  of  the  Elsassische  Maschinen- 
bau-Gesellschaft,  Mulhausen, 

ends  of  the  frames  to  the  crank-shaft  bearings,  whereby  the 
stresses  caused  by  explosion  are  transmitted  to  the  crank-shaft 
bearing,  without  any  bending  moment,  in  the  vertical  plane 
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Fi"-.  32. 


Fig.  32a. 
Figs.  32  and  32a. — 1,500  h.p.  Blowing-Engine,  Biilt  for  the  Hutten- 

WERK,     DiFFERDINGEN,      BY     THE     ElSASSISCHE      MaSCHINENBAU-GeSELL- 
SCHAFT,  MuLHAUSEN. 
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symmetrical  to  the  side  girders.  Between  these  two  girders, 
the  water-cooled  guides  are  situated. 

Both  the  gas-cylinders  and  the  blowing-cylinder  are  joined 
together  by  concentric  distance-pieces,  open  at  the  top  and 
strengthened  with  tie-rods:  and  foundation  support  is  given 
only  at  the  distance-pieces  and  the  blowing-cylinder. 

The  gas-cylinders  resemble  those  of  the  Gasmotorenfabrik 
Deutz   (Fig.  7)  in  the  manner  in  which  they  are  cast.     The 


Fig.  33. — Inlet  Slide-Valve  of  the  Elsassische  Masjchinexbau- 

GeSELLSCHAFT,   MfEHAUSEN. 

liner  and  the  jacket  are  cast  together;  the  latter  is  open  in  the 
middle  for  about  one-third  of  its  length,  and  closed  by  a  ring 
cast  in  two  parts.  The  pistons  of  the  gas-engines  are  of  cast- 
iron,  in  one  piece,  and  fixed  to  the  rods  by  means  of  nuts.  The 
circulation  of  the  cooling-water  takes  place  from  a  telescope- 
pipe,  with  inlet  in  the  front  piston-rod  and  outlet  over  a  trough 
in  the  back  distance-piece. 

In  this  manner  the  pistons  are  water-cooled  in  a  very  sim- 
ple manner,  but  a  higher  pressure  is  necessary  than  when  each 
piston  is  cooled  separately. 
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The  gas-pistons  can  be  very  easily  removed  by  detaching  the 
crosshead,  the  couplings  and  the  cover,  while  the  front  piston 
can  be  taken  out  at  the  front,  and  the  back  piston  at  the  rear 
in  the  distance-piece  between  the  gas-  and  blowing-cylinders; 
the  piston-rod  of  the  back  gas-cylinder  is  pushed  into  the  hol- 
low piston-rod  of  the  blowing-cylinder. 

The  governor  regulates  quantity,  governing  in  such  a  manner 
that  it  causes  a  mixing-slide,  opening  with  the  inlet-valve,  to 
close  suddenly  sooner  or  later  (Fig.  31).  So  long  as  the  mix- 
ing-slide remains  open,  it  allows  the  inlet  of  air  at  one  half  of 
the  chamber  (Fig.  33),  separated  by  a  vertical  partition,  and 
gas  at  the  other  half.  The  mixture  is  formed  by  the  motion  of 
the  air  and  gas  together  when  passing  the  inlet-valve,  and  is 
quite  elfective. 

The  gearing  of  the  inlet-  and  outlet-valves  is  controlled  by 
an  eccentric  and  roller-levers,  and  the  outlet- valve  is  opened 
and  closed  with  a  restricted  motion,  and  after  closing  it  is 
kept  closed  by  the  action  of  only  a  short   strong  spring  (Fig. 

31). 

As  may  be  seen  from  Plate  Y.,  in  order  to  dismount  the  out- 
let-valve the  valve-casing  must  be  unbolted  from  the  cylinder 
and  the  pipe-connections. 

The  blowing-cylinder  is  water-cooled,  and  provided  with  suc- 
tion- and  pressure-valves  on  the  Horbiger  &  Rogler  system,  and 
the  piston  is  rendered  tight  by  two  piston-rings,  made  in  halves 
and  lined  with  white  metal,  and  pressed  against  the  walls  of 
the  cylinder  by  springs.  To  render  an  increase  of  the  air-pres- 
sure possible  (in  this  case  from  0.5  to  1  atmosphere),  the  covers 
of  the  blowing-cylinders  are  provided  with  chambers,  which 
can  be  put  into  communication  with  the  cylinder  by  means  of 
valves  operated  by  hand.  Thereby  the  clearance-spaces  are  in- 
creased, and,  for  an  equal  load  of  the  gas-engine,  a  correspond- 
ingly higher  pressure  with  a  smaller  quantity  of  air  per  revolu- 
tion is  attained. 

For  this  increase  of  air-pressure  three  steps  from  0.5  to  1  at- 
mosphere are  provided  for  by  three  chambers  in  the  covers.  A 
fourth  chamber  is  arranged  with  a  special  valve  as  a  circulating- 
space  for  starting  the  engine  with  a  relieved  load. 
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6.  Double-Actwg    Foar-Cyde   Eivjine   by    Fried.    Krupp   Aktien 
Gesellschaft,  Essen  a.  d.  Ruhr.    (Figs.  34  and  35.) 

This  motor,  which  this  firm  have  several  times  constructed 
for  their  own  use,  is  worthy  of  notice,  owing  to  the  arrange- 
ment of  the  valves  and  the  construction  of  the  cylinder. 

Both  the  inlet-  and  the  outlet-valves  are  situated  above  the 
cylinder,  in  its  longitudinal  axis,  together  in  the  same  cast-steel 
valve-chamber  (Fig.  34).     As  compared  with  the  outlet-valve 


Fig.  34. — Cylinder  of  the  Gas-Engine  of  Fried.  Krupp  Aktien 
Gesellschaft,  Essen  a.  d.  Ruhr. 

situated  under  the  cylinder,  the  advantage  of  the  easy  accessi- 
bility by  direct  lifting  by  a  crane  or  traveler,  of  the  possibility 
of  easily  examining  the  whole  of  the  valve-motion,  as  well  as 
of  the  unbroken  foundation  bed-plate,  is  very  obvious. 

The  cylinder-liner  is  provided  with  short  shoulders  to  receive 
the  valve-chambers,  inserted  into  the  jacket,  which  is  open  at 
the  top,  and  at  the  front  end  is  bolted  to  the  same;  while  at 
the  other  end  the  liner  and  the  jacket  are  made  tight  by  a  short 
stufiing-box,  in  such  a  manner  that  the  liner  is  free  to  expand 
independently. 
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In  this  construction  of  cylinder  the  stresses  caused  by  heat, 
that  usually  occur  when  the  liner  and  the  jacket  are  cast  to- 
gether, are  avoided. 

The  cylinder  is  fixed  to  the  frame  by  means  of  massive  at- 
tachments cast  on  to  the  jacket  (Fig.  35).  The  quantity  method 
of  governing  is  adopted. 


"7/7,77^77? 

Fig.  35. — Regulation  of  the  Gas- Engine  of  Fried.  Krupp  Aktien 
Gesellschaft,  Essen  a.  d.  Ruhr. 


7.  Douhle-Acting  Four-Cycle  Engine  by  the  Gutehoffnungshuite, 
Oberhaiisen.     (Fig.  36,  and  Plate  YI.) 

The  Gutehofinungshlitte,  in  addition  to  two-cycle  engines 
on  the  Korting  system,  also  build  four-cycle  engines. 

Their  type  of  engine  is  represented  in  Plate  YI.  and  Fig.  36. 

The  arrangement  ot  the  frame  of  the  cylinder,  cover,  and 
distance-pieces  has  already  in  several  instances  been  described. 

One  of  the  inlet-valves  above  the  cylinder  and  one  of  the 
outlet-valves  situated  under  the  cylinder  are  operated  by  the 
same  cam  with  roller-levers. 
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The  ontlet-valve  can  be  removed  without  disconnecting  the 
piping. 

The  mixing-valve  for  quantity  governing  (Fig.  36)  is  situated 
at  the  side  of  the  inlet-valve,  and  is  actioned  by  a  release  mech- 
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Fig.  36. — Inlet  and  Outlet  Kegulation  op  the  Double -Acting  Four 
Cycle  Engine  of  the  Gutehoffnungshutte,  Oberhausen. 

anism  actuated  by  the  governor.  For  the  admission  of  air 
and  gas  there  are  two  circular  slides  on  the  same  axis,  so  ar- 
ranged that  their  openings  can  be  separately  regulated  to  obtain 
the  best  mixing  during  the  working  of  the  engine. 
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Fig.  37. — Inlet  and  Outlet  Regulation  with  Side  Outlet- Valve  of 

SCHUCHTERMANN   &,    KrEMER,   DoRTMUND. 

8.  Double- Acimfi  Four-Ci/cle  Engine  by  Schilchterinann  ^Kremer, 
Dortmund.     (Figs.  37,  38,  and  Plate  YII.) 

The  Schlichtermann  &  Kremer  engines,  in  the  construction 
of  which  I  have  participated,  differ  from  other  types,  princi- 
pally by  the  outlet-valve  being  placed  at  the  side  of  the  cylinder 
in  order  to  be  more  accessible,  and  by  the  previously  described 
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system  of  governing  forproducing  a  constant  quantit}' of  mixture 
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and  constant  compression  (Fig.  12). 
given  good  results. 


Both  arrangements 


have 
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9.  Douhle-Actiiig  Four-Cycle  Enyine  by  the  Maschinenbau-Aktien- 
yesellschaft  Union,  Essen-jRuhr. 

Plate  VIII.  and  Figs.  39,  40  show  the  construction  of  this 
engine. 

This  construction  is  characterized  by  the  Reichenbach  valve- 
gear  (Fig.  39),  and  also  by  the  manner  in  which  the  cylinder 
is  constructed. 


Fio.  39. — Eegulation  of  the  Reichenbach  Design  Gas-Engine  of  the 
Maschinenbac-Aktiengesellschaft  Union,  Essen  a.  d.  Euhb. 

The  outer  jacket  is  partly  open  in  the  middle  in  a  manner 
similar  to  that  of  the  Gasmotorenfabrik  Deutz  engine,  and  cov- 
ered by  a  plate  cylinder;  further,  the  jacket  near  the  two  end 
flanges  is  split  after  casting,  and  rendered  tight  by  joints  of 
rubber  cords  and  wire. 

Thereby  conflicting  stresses  of  the  inner  liner  and  of  the  outer 
jacket,  caused  by  their  different  temperatures,  at  least  in  a  longi- 
tudinal direction,  are  avoided,  and  also  those  of  the  flanges. 

These  flanges  transfer  the  stress  due  to  explosive  action,  by 
massive  points,  to  the  liner  only. 


GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES.       739 

One  inlet-valve  and  the  corresponding  outlet-valve  are  oper- 
ated by  an  eccentric  with  roller-levers.  The  inlet-valve  is,  in 
my  opinion,  unnecessarily  cooled.  It  is  stated  by  the  makers 
that  the  hollow  disk  of  the  outlet-valve  can  be  withdrawn 
through  the  cylinder  by  removing  a  screw.  In  large  gas- 
engines  the  mixing-valve  should  not  be  automatic,  but  moved 
by  the  valve-gear  shaft,  and  placed  nearer  to  the  inlet-valve  in 
order  to  avoid  a  large  reserve  of  mixture. 


Fig.  40. — Gas-Engine  of  the  Maschinenbau-Aktiengesellschafi  Union, 

Essen  a.  d.  Ruhr. 

10.  Double- Acting  Four-Cycle  Engine  hy  the  Dmshurger  Maschin- 
enbau-Aktiengesellschaft^  formerly  Bechem  cf  Keetman, 
Duisburg.     (Figs.  41,  42,  and  Plate  IX.) 

This  engine  is  noteworthy  in  many  ways.  It  has  at  the  top 
of  each  end  of  the  cylinder  an  inlet-valve  and  vertically  under 
the  same  an  outlet-valve,  arranged  in  such  a  manner  that  the 
common  axis  of  the  valves  is  far  enough  to  the  side  of  the  pis- 
ton-rod to  allow  the  outlet-valve  with  its  spindle  to  be  lifted  up 
without  hindrance  when  the  inlet-valve  and  its  seatins;  has  been 
removed  (Fig.  41). 

Further,  a  closed-link  motion,  automatic  in  action,  with  the 
working-piston  as  used  in  two-cycle  engines,  is  employed,  as  well 
as  an  outlet-valve  for  the  exhaust  of  the  burnt  gases  (Fig.  42), 
so  that,  at  the  end  of  each  explosion-stroke,  the  special  piston 
composed  of  three  parts  first  opens  short  slots,  whereby  the 
VOL.  XXXVII. — 46 
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pressure  of  the  gases  is  equalized  with  that  of  the  atmosphere, 
and  onlj  afterwards  is  the  outlet-valve  allowed  to  open.  It  is 
clear,  without  further  comment,  that  by  this  means  the  outlet- 
valve  is  released  before  lifting,  and  that  the  exhaust-valve 
chamber  and  the  piping  connected  therewith  are  no  longer  ex- 
posed to  such  high  temperature. 

It  appears  to  me  to  be  doubtful,  however,  whether,  in  the  first 
place,  the  outlet-valve  can  really  be  made  much  smaller  in  the 

I 


Fig.  41. — Inlet  and  Outlet  Regulation  of  the  Duisburger  Maschin- 
enbatj-Aktiengesellschaft,  formerly  Bechem  &  Keetman. 

manner  claimed  by  the  builders,  without  causing  a  too  high 
back-pressure  during  the  whole  length  of  the  exhaust-stroke; 
and  whether,  secondly,  it  is  not  necessary,  also,  to  cool  the 
outlet- valves  in  larger  engines;  because  if  the  gases  passing- 
through  the  outlet-valve  are  no  longer  so  hot  as  with  other 
four-cycle  engines,  yet  this  valve  is  situated  in  the  explosion- 
chamber,  without,  as  is  the  case  with  the  inlet-valve,  being 
cooled  by  the  fresh  entering  mixture. 

The  distance  between  the  outer  piston-ends  must  be  equal  to 
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the  stroke  of  the  engine,  and  for  this  reason  the  engine  must 
be  considerably  longer  than  the  first  described  four-cycle 
engines. 

The  idea  of  exhaust  slots  or  ports  controlled  by  the  piston  in 
four-cycle  engines  is  not  new,  since  it  has  been  taken  into  con- 
sideration by  most  builders  of  the  newer  type. 

The  valves  are  operated  by  cams  with  the  aid  of  roller-levers, 
and  the  method  of  governing  is  by  quality.  The  quantity 
method  could  not  be  employed,  because  with  a  light  load,  com- 


Ftg.  42.— Cylinder  of  the  Double-Acting  Four-Cycle  Engine  of  the 
DuisBURGER  Maschinenbau-Aktiengesellschaft,  formerly  Bechem 
&  Keetman. 

bined  with  a  corresponding  back-pressure  in  the  cylinder  to- 
wards the  end  of  the  suction-stroke,  it  would  cause  too  large  a 
return  flow  from  the  exhaust-pipe  through  the  slots. 

According  to  the  builders,  the  combustion,  in  spite  of  the 
quality  governing,  is  complete  at  all  loads.  They  attribute 
this  to  the  peculiar  form  of  the  combustion-chamber,  which 
should  bring  it  about,  that  after  ignition  the  portions  of  the 
charge  that  are  not  yet  burning  are  put  into  moiion  and  are 
directed  into  paths  which  lead  to  the  portions  which  are  already 
burning. 
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As  may  be  seen  from  Fig.  42,  the  cylinder  consists  of  three 
principal  parts,  an  outer  jacket  strongly  held  in  the  middle,  in 
which  from  both  sides  a  liner,  cast  in  one  piece  with  the  valve- 
chamber  facings  and  a  strong  flange  for  bolting  to  the  jacket, 
is  inserted,  so  that  the  two  cylinder-liners  meet  with  a  small 
clearance  in  the  exhaust-slots.  In  the  longitudinal  axis  of  the 
jacket,  tor  this  reason,  no  tensile  or  compressive  stresses  can 
appear. 

11.  Double-Ading  Four-  Cycle  Engine  by  the  Dingier' sche  Maschinen- 
fabrik  A.  G.,  Zweibrilcken.     (Figs.  43,  44,  45,  and  Plate  X.) 

The  Dingier  construction  dift'ers  from  the  former  other  mod- 
ern four-cycle  engines  principally  in  the  retaining  of  a  cylinder 
open  at  one  end.  Double-acting  is  not  arrived  at  in  one  cylin- 
der, but  properly  in  two  single-acting  cylinders,  whose  com- 
pression-chambers are  bolted  together  (Fig.  43).  Thereby  the 
cylinder-ends,  which  contain  the  valves  in  their  outer  and 
inner  casing,  and  as  a  continuation  of  the  latter,  are  cast  to- 
gether with  the  liner,  and  this  is  inserted  into  an  outer  jacket 
in  such  a  manner  that  opposing  stresses  are  avoided.  Towards 
the  crank-shaft  bearing,  this  outer  jacket  continues  in  the  form 
of  crosshead  guides  and  frame. 

Both  pistons  are  on  the  same  piston-rod,  which  must  traverse 
the  cooled  distance-piece  between  the  compression-chambers 
through  packings.  This  packing  appears  to  me  to  be  a  very 
difficult  detail  of  the  Dingier  engine.  It  is,  of  course,  an  ad- 
vantage that  the  tightness  of  the  working-piston  can,  at  any 
time,  be  examined  and  adjusted,  by  reason  of  the  cylinder 
being  open ;  but  this  will  be  impossible  as  regards  the  tight- 
ness of  the  piston-rod.  It  will  be  seen  from  Fig.  43  that,  at  the 
moment  in  which  the  explosion  takes  place  on  one  side  of  the 
distance-piece,  the  packing-rings  are  at  the  other  end  of  the 
same,  therefore  the  hot  gases  can  penetrate  to  nearly  the  whole 
length  of  the  bush.  Consequently,  the  lubrication  is  very 
much  aflected. 

The  manner  in  which  the  piston  is  fastened  to  its  rod  is  pe- 
culiar. 

A  split  collar  is  provided  with  a  series  of  projections  on  its 
inner  surface.  These  projections  engage  similar  parallel  grooves- 
that  have  been  turned  on  the  rod. 
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This  collar  is  covered  by  a  cylindrical  sleeve,  which  has  an 
outside  flange  to  attach  to  the  piston-face,  and  an  inside  flange 
to  pull  upon  the  collar.     On  screwing  up  the  outside  flange  to 


the  piston-face,  the  collar-projections  tighten  upon  the  back  face 
of  the  grooves,  thus  putting  the  piston-rod  in  tension,  and  rigidly 
fixing  it  to  the  piston. 

The  advantage  of  this  method  of  fastening  is  the  facility  with 
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which  it  can  be  disconnected.  A  number  of  spring  rings  are 
inserted  between  the  rod  and  a  bush  placed  in  the  boss  of  the 
piston,  to  make  a  gas-tight  joint  against  the  pressure  in  the 
cj'linder.  The  valve-gearing  actuates  in  each  case  an  inlet-valve 
situated  at  the  top  and  an  outlet-valve  situated  at  the  bottom  of 
the  cylinder,  whose  motion  is  obtained  from  a  common  cam  on 
the  shaft,  a.  A  second  shaft,  b,  is  placed  in  front  of  the  shaft, 
a,  which  rotates  with  the  same  number  of  revolutions  as  the 
crank-shaft,  and  carries  an  adjustable  regulating-cam  controlled 
by  a  Dorfel  flat  governor.     The  action  of  the  adjustable  cam, 


..-4. 


Fig.  44. — Valve-Motion  of  the  Dingler'sciie  Maschinexfabrik, 

ZwEIBRiJCKEX. 


by  a  lever  moving  round  the  point,  c,  gives  a  very  equal  open- 
ing of  the  inlet-valve  for  all  loads,  while  the  lift  and  duration  of 
the  opening  of  the  mixture-valve  are  variable.  The  governing 
is,  therefore,  a  quantity  governing  with  throttled  mixture.  The 
ignition  is  also  adjusted  by  the  governor. 

The  outlet-valve  is  not  as  accessible  as  it  should  be. 

The  engine  constructed  according  to  Dingler's  arrangement 
is  only  slightly  longer  than  double-acting  engines  with  closed 
cylinders ;  its  advantages  consisting  above  all  in  the  ease  with 
which  the  piston  is  taken  off. 
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In  Germany  the  only  two-cycle  engines  to  be  taken  into  con- 
sideration are  the  Oechelhiiuser  system  and  that  of  Kiu'ting. 

The  first  is  represented  by  the  engines  constructed  by  the 
Ascherslebener  Maschinenbau-Akt.-Ges.  and  by  A.  Borsig, 
Berlin,  the  latter  engines  by  Korting  Brothers  themselves  and 
their  concessionaires,  who  are :  Gutehoffnungshlitte,  Ober- 
hausen,  Donnersmarckhiitte,  Zabrze,  Siegener  Maschinenbau- 
Aktiengesellschaft,  and  Maschinenbau-Aktiengesellschaft,  for- 
merly Klein  Brothers,  Dahlbruch. 

12.  Ta'o-Cyde  Engine,  Oechelhduser  System.  (Plates  XI.,  XII., 
and  Figs.  46,  47,  48.) 

I  assume  that  the  manner  of  working  and  the  advantages  of 
these  engines  are  known.  They  depend  upon  the  use  of  the 
open  cylinders  and  of  inlet-  and  outlet-ports  automatically  con- 
trolled by  the  working-piston,  avoiding  the  exposure  of  valve- 
heads  and  valves  and  also  of  stuffing-boxes  and  piston-rods  to 
contact  with  fire;  the  balancing  of  the  masses  and  the  disappear- 
ance of  the  stress  of  the  frame  and  foundation ;  so  far  a  blowing- 
cylinder  is  not  arranged  tandem  w'ith  the  main  cylinder.  The 
design  can  be  seen  from  the  drawings  of  the  Ascherslebener 
Maschinenbau-Aktiengesellschaft  (Plate  XL)  and  of  the  A. 
Borsig  engines  (Plate  XII.) 

As  compared  with  former  examples  of  the  Oechelhauser  en- 
gine, the  principal  modifications  are  to  be  found  in  the  forma- 
tion of  the  mixture  and  the  manner  of  governing. 

The  charging-pump,  which  is  usually  placed  behind  the  gas- 
cylinder,  consists  of  a  cylinder  with  automatic  valves,  the  piston 
of  which  compresses,  on  the  one  side,  gas,  and  on  the  other  side 
air,  to  the  necessary  charging-pressure. 

The  scavening  and  charging  of  the  working-cylinder  take 
place  during  and  shortly  after  the  air-compression  stroke  of  the 
charging-pump,  so  that  air  enters  through  the  first  open  ports 
in  the  working-cylinder,  and  after  the  piston  has  overrun  the 
gas-inlet  ports  an  equalization  of  pressure  in  the  charge-holders 
and  pipes  takes  place  and  causes,  at  a  definite  moment,  air  and 
gas  to  enter  together. 

The  mixture  is  thereby  formed  after  the  admission  of  air  and 
gas  in  the  cylinder  itself. 

The  regulation   of  the  speed — that  is,  the  variation  of  the 
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charge  corresponding  to  the  load  by  the  governor — is  arranged 
differently  by  the  two  firms. 

In  engines  by  the  Ascherslebener  Maschinenbau-A.G.,  the 
admission  of  gas  only  is  regulated  by  the  governor,  and  by 
means  of  Konig's  patent  return-valve,  which  puts  the  chamber 
situated  around  the  gas-ports — that  is,  the  pressure-vessel  for  the 
gas  compressed  in  the  charging-pump — in  communication  with 
the  gas-suction  pipe,  of  the  charging-pump,  for  a  longer  or 
shorter  period  at  each  revolution  of  the  engine  (Fig.  46). 


Fig.  46 — Konig's  Patent  Automatic-Operating  Keturn- Valve,  Used  by 
THE  Ascherslebener  Maschinenbau-Aktiexgesellschaft. 


For  all  loads  the  same  quantity  of  air  is  employed,  and  the 
quantity  of  gas  and  the  time  of  admission  are  varied  according 
to  the  load. 

If  the  return-valve  is  so  regulated  that  when  the  gas-ports 
are  opened  by  the  working-piston,  it  is  immediately  closed,  no 
gas  or  mixture  can  pass  over  in  the  gas-return  pipe.  During 
the  simultaneous  admission  of  gas  and  air,  both  are  at  the  same 
pressure ;  nevertheless,  only  a  variable  mixture  can  be  formed, 
because  during  formation  the  area  of  the  air-inlet  is  constant, 
but  that  for  the  admission  of  the  gas  varies  continuously.  The 
governing  of  the  Aschersleben  engine  resembles  approximately 
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the  quality  method  in  four-cycle  motors.  It  gives  a  variable 
mixture,  and,  when  running  without  load,  a  weak  mixture. 

Nevertheless,  according  to  information  received  from  the  firm, 
engines  governed  in  this  manner,  which  are  coupled  to  alter- 
nating-current electric  generators,  can  be  connected  in  parallel 
without  difficulty. 

The  method  of  governing  employed  by  A.  Borsig  differs  from 
that  described  above,  in  that:  (1)  The  quantity  both  of  gas  and 
of  air  admitted  to  the  working-cylinder  is  controlled  by  a  re- 
turn-flow valve,  each  valve  being  actuated  by  a  Neuhaus-Hoch- 
wald  gear.  These  valves  are  placed  below  the  engine  floor,  and 
are  situated  in  front  of  the  engine,  in  the  gas-  and  air-mains 
(Fig.  47).  Further,  the  air  admitted  is  divided  by  throttling 
into  air  for  scavenging  and  for  the  mixture.  (2)  A  circular 
valve  or  sleeve  encircles  the  admission-passages  (Fig.  47),  which 
with  a  diminishing  load,  and  also  when  the  engine  is  running 
without  load,  gradually  closes  the  openings  situated  opposite 
the  point  of  ignition,  so  that  when  running  without  load  there 
are  only  a  few  openings  for  the  admission  of  gas  where  the  igni- 
tion takes  place.  This  circular  valve  is  moved  by  gearing  con- 
trolled by  the  governor,  and  represents  an  indirect  method  ot 
governing,  the  disadvantages  of  which  are  known,  and  in  this 
connection  could  only  be  ascertained  by  experiment. 

A.  Borsig  states  that  a  simultaneous  variation,  in  this  man- 
ner, of  the  quantities  of  air  and  gas  and  of  the  areas  of  the 
inlet-passages  was  found  to  be  necessary,  otherwise  the  quantity 
of  gas  admitted  to  the  cylinder  in  proportion  to  the  quantity  of 
air,  w^hen  the  engine  was  working  almost  without  load,  was 
so  small  that,  when  it  was  distributed  throughout,  the  whole 
volume  was  incapable  of  forming  a  mixture  strong  enough  to 
be  ignited. 

The  experience  gained  by  the  Ascherslebener  Maschinenbau- 
A.  G.  and  by  A.  Borsig  with  reference  to  the  governing  is  of 
such  a  contradictory  nature  that,  to  those  unacquainted  with 
the  subject,  it  would  appear  to  be  unintelligible. 

It  must  here  be  mentioned  that  in  engines  up  to  1,000  effec- 
tive h.p.  in  a  single  cylinder,  A.  Borsig  arranges  one  charging- 
pump,  which  is  placed  in  the  axis  of  the  working-cylinder,  but, 
for  powers  above  1,000  h.p.  in  one  cylinder,  employs  two  double- 
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acting  charging-pumps  for  gas  and  air,  driven  by  one  piston-rod, 
and  situated  below  the  floor  of  the  engine-house. 


As  compared  with  former  types,  the  Oechelhiiuser  engine  as 
now  constructed  is  much  narrower,  owing  to  the  disappearance 
of  the  superfluous  outside  bearings  for  the  fly-wheel. 
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13.  Double- Acting  Two-Cyde  Engine  by  Korting  Brothers. 
(Figs.  49  to  64,  Plates  XIII.,  XIY.,  and  XY.) 
The  innovations  which  the  above-named  builders  of  Korting 
engines  have  introduced  in  the  last  few  years,  consist  in  the 


a 


satisfactory  design  of  several  parts,  principally  of  the  cylinder- 
heads  and  of  the  cylinder ;  also  the  simplification  of  the  charg- 
ing-pump,  and  improved  methods  of  governing. 
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The  double-acting  in  the  Korting  engine  takes  place  on  both 
sides  of  a  piston,  in  a  cylinder  whose  ends  are  closed  by  cylinder- 
heads.  The  piston  automatically  regulates  the  exhaust-ports, 
while  the  inlet  of  the  air  and  the  mixture  takes  place  through 
an  admission-valve  situated  in  the  upper  portion  of  the  cylinder- 
head.  The  cylinder  itself  stands  on  two  side  frames,  which, 
continued  forward,  form  the  crank-shaft  frames.  Between  these 
side-frames  the  flat  crosshead-guide  is  arranged  (Fig.  49,  and 
Plate  XV.). 

Two  separate  double-acting  charging-pumps,  one  for  air  and 
one  for  gas,  are  situated  at  the   side  of  the  working-cylinder. 


Fig.  49.— Cboss-Sectiox  of  a  400-h.p.  Korting  Engine  by  Korting 
Brothers,  Kortingsdorf. 

I  have  described  elsewhere  the  principle  on  which  these  pumps 
work.'^ 

From  these  pumps  the  air  and  the  gas  pressure-pipes  lead 
into  two  concentric  circular  chambers  above  the  inlet-valve,  and 
as  these  chambers  are  constantly  in  communication  with  one 
another,  the  gas  and  air  are  always  at  the  same  pressure  in  the 
admission-passages. 

According  to  the  quantity  of  gas  required,  by  the  action  of 
the  governor,  air,  compressed  to  the  charging-pressure,  and  al- 
ways in  equal  quantity,  enters  from  the  circular  air-chamber, 

>«  Stahl  und  Elsen,  vol.  xxii.,  pp.  1157  to  1182  (1902). 
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and  for  some  distance  into  the  gas-passage,  so  that,  at  a  definite 
moment  depending  on  the  load,  when  the  inlet-valve  is  opened, 
air  first,  and  then  gas  and  air,  enter  the  working-cylinder  to- 
gether at  the  same  pressure,  but  in  quantities  proportional  to 
the  respective  areas  of  the  air-  and  gas-pistons  of  the  charging- 
pumps,  until  the  inlet-valve  closes. 

The  formation  of  the  mixture,  as  described,  is  ideal,  and  can- 
not be  surpassed,  for  an  entirely  constant  quantity  is  formed, 
with  the  proportion  of  gas  and  air  as  intended  by  the  design. 


Fig.  50. — Gas-Pump,  with  Regulation,  op  the  Maschinenbau-Aktien- 

GESELLSCHAFT,  FORMERLY  KlEIN   BROTHERS,  DaHLBRUCH. 


and  entirely  independent  of  the  pressure,  or  of  the  variation  of 
pressure  in  the  suction-pipes  of  the  charging-pumps.  In  the 
Korting  engines  these  variations  of  pressure,  in  reality,  have  no 
influence  on  the  working  of  the  motor,  at  least  only  to  a  slight 
degree  at  the  time  when  the  engine  is  working  at  full  load. 

At  all  loads  and  speeds  of  the  engine  a  good  mixture  is 
always  to  be  found,  after  compression,  next  to  the  ignition- 
point. 

The  compression  varies  with  the  load,  while  the  quantity  of 
air  admitted  is  constant,  and  the  quantity  of  gas  is  reduced 
with  the  load. 
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The  inlet-valve  is  controlled  by  cams, 
and  in  most  cases  closed  by  springs. 
Considerable  acceleration-resistances  are 
caused  by  the  rapid  opening  and  closing 
of  the  valves,  and  for  this  reason  the 
gearing  for  closing  the  valves  should 
also  be  arranged  with  cams  and  roller- 
levers. 

To  govern  the  speed  of  the  engine — 
that  is,  to  regulate  the  admission  of  gas, 
with  corresponding  loads — the  Korting 
engine  was  originally  fitted  with  a  gov- 
ernor with  a  return-flow  valve,  in  such 
a  manner  that  a  throttle- valve,  controlled 
by  the  governor,  allowed  more  or  less 
gas  to  return  to  the  cylinder  of  the 
charging-pump  from  the  gas-pressure 
passage  (between  the  cylinder  and  the 
charging-pumps),  during  the  period  of 
suction. 

Though  this  system  of  governing 
makes  extra  work  for  the  gas-pump,  it 
is,  even  in  the  latter  types  of  Korting 
engines,  still  employed,  owing  to  its  sim- 
plicity, as  shown  by  the  charging-pump 
by  Klein  Brothers  (Fig.  50). 

The  charging-pumps  were  originally 
worked  by  an  eccentric  valve-motion 
with  a  circular  valve,  both  for  inlet  and 
outlet. 

In  more  modern  engines  the  charging- 
pumps  have  direct-acting  piston  slide- 
valves  for  the  inlet-valves  and  also  for 
the  outlet  (Plate  XV.),  and  by  adjusting  a 
double  slide-valve  motion,  the  quantity 
of  gas  can,  at  the  same  time,  be  regu- 
lated. 

The  charging-pumps  manufactured  by 
Klein  Brothers  and  the  Siegener  Maschinenbau-Aktien-Gesell- 
Schaft  are  much  more  simple.    The  first  have  no  eccentric  valve- 
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motion,  but  only  automatic  valves  (Fig.  50).  In  this  pump  Klein 
Brothers  have  taken  advantage  of  the  peculiarity  of  the  Kort- 
ing  engine — namely,  that  the  air-pump  compresses  during  the 
complete  stroke  and  the  gas-pump  commences  to  compress  in 
the  middle  of  the  compression-stroke.  For  this  reason  the 
cylinder  of  the  gas-pump  is  provided  in  its  middle  portion  with 
ports,  which  communicate  with  the  gas-suction.  The  gas  can 
return  to  the  suction-pipe  through  these  ports  during  the  first 
half  of  the  compression-stroke.  This  regulation  of  the  charg- 
ing-pump  avoids  the  unnecessary  consumption  of  oil  and  power 
that  obtains  in  the  former  slide-valve  motion. 

The  charging-pump  gearing  of  the  Siegener  Maschinenbau- 
Aktien-Gesellschaft  is  shown  in  Fig.  51.  The  eccentric  motion 
is  here  retained ;  but  a  single  eccentric  w^th  a  slide-valve  rod 
moves  all  the  inlet-valves  of  the  gas-  and  air-pumps.  The  ex- 
haust-valves of  the  charging-pumps  are  placed  in  the  cylinder- 
covers. 


Fig.  52. — Gas-Pump  Regulation  Diagram  of  the  Siegener  Maschinex- 
bau-Aktien-Gesellschaft,  Sieges. 

The  valves  situated  under  the  pump-cylinders  are  provided 
with  tapered  openings,  and  work  in  casings  with  similar  open- 
ings. When  the  gas-slide  is  moved  by  the  action  of  the  gov- 
ernor, the  tapered  openings  of  the  slide  and  of  the  casing  are 
brought  nearer  to,  or  farther  from,  each  other.  Thereby  at  the 
beginning  of  the  suction  period  a  variable  "  after  opening  "  of 
0  to  10  per  cent,  takes  place,  and  the  suction-pipe  is  closed 
during  the  pressure-stroke  (after  an  admission  of  from  35  to  80 
per  cent.).  A  diagram  from  this  charging-pump  is  reproduced 
in  Fig.  52. 

The  air-pump  can  be  regulated  in  a  similar  manner  by  hand. 

This  simple  motion  avoids  the  return  of  compressed  gases. 

With  clean  gas  this  motion  could  probably  be  actuated  by 
the  governor;  but  if  the  gas  is  not  very  clean,  and  at  the  same 
time  is  wet,  the  friction  of  the  throttle-slide  of  the  type  of 
Klein  Brothers,  and,  at  times,  the  resistance  of  the  inlet-valve 
of  the  type  of  the  Siegener  Company,  will  be  excessive. 


II 
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In  newer  Korting  engines  the  liners  of  the  working-cylinders 
and  the  jackets  are  no  longer  cast  in  one  piece;  they  are  more 
frequently  made  in  halves,  inserted  into  the  jacket,  so  that 
the  outer  and  inner  cylinder-liners  can  expand  independently 
(Fig.  53). 

All  builders  of  the  Korting  engine  have  retained  the  cylinder- 
heads  bolted  to  the  cylinder,  and  from  the  modifications,  as 
shown  in  Fig.  54,  as  compared  to  the  usual  constructions,  it  may 
be  concluded  that  they  gave  trouble  by  cracking. 

The  newer  designs  of  the  cylinder-heads  avoid  the  pressure 
of  the  stuffing-box  chamber  on  the  outer  wall  of  the  cylinder- 
head. 

The  long  pistons  are  cast  in  one  piece,  and  have  either  a  boss 
extending  throughout  their  whole  length  or  a  short    boss  at 


Fig.  53. — Working-Cyj.ixdf.r  of  Korting  Excjixe  of  the  Maschixknbau- 
Aktiengesellschaft,  formerly  Klux  Brothf:rs,  Dahlbruch. 


each  end.  In  large  engines  the  pistons  are  supported  by  back 
or  front  guides;  in  smaller  engines  the  guide  is  dispensed  with, 
and  in  its  place  the  middle  of  the  under  surface  of  the  piston 
is  lined  with  anti-friction  metal  (Fig.  55). 

Fig.  56  shows  how  the  piston  can  be  removed.  It  will  also 
be  noted  that  the  piston-rod  can  be  readily  disconnected  from 
the  crosshead  (Fig.  57). 

The  Korting  engine  is  specially  suited  for  driving  blowing- 
cylinders,  because  it  starts  easily  svhen  loaded,  and  is  certain  in 
its  working  at  great  variations  of  speed,  and  moreover  when 
the  speed  is  very  low. 

Fig.  58  shows  the  arrangement  of  the  valve-gearing  of  the 
Corliss  inlet-valves  of  a  blowing-engine  constructed  by  the 
VOL.  XXXVII.  — 47 
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Siegener  Maschinenbau  A.G.    In  this  gear,  by  means  of  a  link 
with  releasing  mechanism,  on  the  one  hand,  the  amount  of  the 


Former  C(.>n!'tru(_-tion. 


Present  C'< )n.struetion. 


Fig.  54. — Cylinder-Head  of  the  Kortino  Engine,  as  Constructed 

BY    THE    DoNNERSMARtKHt'TTE,   ZaBRZE   O.   S. 


Fig.  55. — Piston  of  Korting  Engine  with  White-Metal  Bushing,  as 
Constructed  by  the  Gutehoffnungshutte,  Oberhausen. 

lap  of  the  valves,  and,  on  the  other  hand,  the  stroke  and  the 
advance  of  the  eccentric,  can  be  varied. 
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By  this  means,  with  an  almost  constant  opening  for  the  ad- 
mission, the  closing  of  the  inlet-valve  is  brought  about,  at  the 
commencement  of  the  pressure-stroke  at  the  ordinary  load,  but 
when  the  load  is  taken  off,  at  the  end  of  the  pressure-stroke. 
Between  these  limits  the  variable  admission  of  the  blowing- 
cylinder  is  arranged  for  blowing  smaller  quantities  of  air  at  a 
higher  pressure  with  approximately  an  equal  expenditure  of 
power. 

The  same  object  is  attained  by  other  builders  by  arranging 
return-flow  valves  on  the  blowing-cylinder.  In  this  connection, 
for  example,  Klein  Brothers  make  the  valves  in  such  a  man- 
ner that  they  can  be  controlled  by  hydraulic  pressure  from  the 


Fig.  57. — Fastening  the  Pjston-Eod  at  the  Ceosshead  in  the  Kokting 
Engine  of  the  Siegener  Maschinexbau-Aktien-Gesellschaft,  Siegen. 

central  position  occupied  by  the  driver,  so  that,  as  w^ith  the 
Siegener  arrangement,  if  a  blast-furnace  scaffolds,  or  other  sim- 
ilar accidents  occur,  the  blast  can  be  suddenly  shut  off. 

I  wish  to  remark  here  that  most  of  the  iron-works  have  an- 
swered my^question  as  to  the  most  practical  size  of  the  engines, 
viz.:  for'driving dynamos,  from  1,000 to  1,200 b.h. p.  per  unit;  for 
driving  blowing-cylinders,  for  each  blast-furnace  a  separate  en- 
gine, usually,  say,  from  1,000  to  1,200  b.h. p.,  or  in  some  cases 
larger  units,  say  from  1,600  to  3,600  b.h. p.,  according  to  the 
efficiency  of  the  furnace.  Concerning  the  size  of  the  engines, 
it  may  be  observed  that  with  a  few  large  units,  as  compared 
with  a  larger  number  of  smaller  units,  the  reserve  power  of  the 
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plant,  also  the  safety  of  the  apparatus — for  example,  of  the  pis- 
tons and  cylinder-covers — diminishes ;  and  further,  that  the 
cleaning  of  the  large  engines  is  more  complicated  and  takes 
more  time. 


23 


pq 


Units  larger  than  1,000  to  1,200  eitective  h.p.  are  only  to  be 
found  in  very  large  plants,  or  where  the  space  is  limited. 

From  the  answers  received  to  my  last  question  concerning 
the  possibility  of  connecting  alternating-current  dynamos  in 
parallel,  when  driven  by  gas-engines,  this,  stated  generally,  can 


760       GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES. 

be  done  without  special  diiRculty.     From  several  sources  it  is 
gathered  that  sometimes  the  practice  of  switching  in,  at  the 


>  s 


moment  that  the  engine  is  running  without  load,  occasions  diffi- 
culty; that  natural!}'  depends  not  only  upon  the  degree  of  uni- 
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formitj  of  the  engine,  on  the  momentum  of  oscillation  of  fly- 
wheel, and  on  the  construction  of  the  dynamo,  but  above  all 


upon  the  action  of  the  governor  and  the  formation  of  the  mix- 
ture at  the  time  named,  aud  for  this  reason  will  vary  with  the 
design  of  valve-gear. 
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After  considering  all  these  various  types,  reg-arding  the  ques- 
tion as  to  which  system — two-cycle,  or  double-acting  four-cycle 
—should  be  adopted,  I  wish  to  make  the  following  statement: 


AVhen  the  double-acting  two-cycle  engine  was  introduced  by 
Korting  Brothers  in  the  year  1902,  a  number  of  engines  made 
by  them  met  with  general  success;  this  engine,  as  compared 
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with  the  then-existing  single-acting  four-cycle  engines,  showed 
such  marked  progress   in  this   line  that  many  considered  that 


the  four-cycle  system  was  no  longer  a  serious  competitor.  The 
builders  of  four-cycle  motors  were,  however,  guided  by  the 
success  of  the  Korting  engines  in  the  right  direction — namely, 
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of  reconstructing  their  engines  as  double-acting  engines  in  a 
single  closed  cylinder,  and  to  arrange  two  of  these  cylinders, 
the  one  behind  the  other,  with  the  object  of  increasing  the  me- 


chanical duty.  Professor  Meyer  had  already  at  that  time 
called  attention  to  the  fact  that,  in  view  of  the  large  negative 
w^ork  expended  in  the  charging-pump  of  the  Korting  engines. 
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the  double-acting  tandem  four-cycle  engine  would,  without 
doubt,  again  serious]}'  compete  with'the  Korting  engine.  That 
this  forecast  was  a  correct  one,  may  be  seen  from  the  statistics 
given  at  the  commencement  of  this  paper. 

Many  persons  at  the  present  time,  in  judging  the  question  of 
system,  go  so  far  as  to  prophesy  that  "  the  gas-engine  will  return 
to  its  original  starting-point — viz.,  the  four-cycle  system — while 
others,  equally  convinced,  affirm  that  the  four-cycle  will  not 
continue  to  be  adopted  by  iron-works  and  other  manufactories."^'' 
Even  with  the  experience  gained  up  to  the  present  time,  it  is 
impossible  to  give  an  opinion,  based  upon  sufficiently  trust- 
worthy evidence,  in  favor  of  either  of  these  opposing  views.  It 
is  impossible  to  come  to  a  conclusion  from  the  total  horse- 
power without  further  considering  the  proportionate  value  of 
the  two  systems;  for  up  to  March  of  this  year,  engines  with 
260,000  b.h.p.  were  at  work,  or  on  order,  for  double-acting  four- 
cycle as  against  91,000  for  two-cycle.  If  these  figures  prove 
that  the  competition  of  the  two-cycle  engine  must  not  be 
neglected,  on  the  other  hand,  the  importance  and  connection  of 
the  builders  of  the  four-cycle  types  must  be  considered  advan- 
tageous to  the  latter. 

The  builders  of  two-cycle  engines  will  themselves  admit  that 
these  motors  are  less  adapted  for  the  high  speeds  required  for 
driving  dynamos  than  for  driving  blowing-engines  and  pumps, 
because,  with  a  reduced  time  of  charging,  the  resistance  of  the 
charging-pump  cannot  be  kept  low  enough ;  and  principally, 
owing  to  the  relatively  larger  number  of  explosions  (especially 
with  gases  of  high  calorific  value,  such  as  coke-oven  gas),  the 
flow  of  heat  through  the  metal  walls,  and  thereby  affecting  the 
security  of  the  explosion-chamber  against  breakage  and  the 
occurrence  of  premature  ignitions,  create  uncertainty;  as, 
moreover,  the  governing  hitherto  employed  in  two-cycle  en- 
gines for  dynamo-driving  is,  as  a  rule,  inferior  to  that  of  the 
four-cycle  engines.  For  this  reason  it  may  be  explained  that 
several  firms  who  build  two-cycle  engines  have  lately  decided 
to  adopt  also  the  manufacture  of  double-acting  four-cycle 
engines. 

On  the   other  hand,  the  two-cycle   engine  is,  without  any 


*"  Giildner,  Enhverfen  und  Berechnen  der  Verbrennungsmotnren,  2nd  edition,  p.  190. 


766       GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES. 

doubt,  most  suitable  for  driving  blowing-cylinders;  for,  as 
already  stated,  it  permits,  within  wide  limits,  a  variation  in  the 
number  of  revolutions  per  minute ;  it  starts  easily  against  a 
load,  and  at  the  low  speeds  of  the  blowing-piston  the  work  of 
the  charging-pump  is  not  excessive.  Klein  Brothers,  for  in- 
stance, state  that  the  work  of  their  charging-pump  with  valves 
is  from  6  to  7  per  cent,  of  the  work  of  the  power-cylinder,  so 
that  the  difference,  compared  with  the  negative  work  of  the 
four-cycle  motor,  no  longer  preponderates. 

Theoretical  discussions  concerning  the  correct  or  the  incor- 
rect mechanical  eiSciency,  which  during  last  year  created  such 
a  stir  in  Germany,  can  for  the  present  contribute  nothing  to 
elucidate  the  question  of  the  systems.  For  the  managers  of 
works,  in  addition  to  inquiring  about  the  price  and  power  of 
a  gas-engine,  above  all  inquire  about  the  security  in  working, 
and  least  of  all  about  the  quantity  of  gas  consumed  per  b.h.p. 
They  do  not  trouble  themselves  at  all  about  the  mechanical 
efficiency. 

Suitable  trials  concerning  the  consumption  of  gas  in  more  re- 
cent engines  are  not  available  for  comparison,  therefore  it  is 
not  known  how  far  the  two-cycle  engine  is  at  the  present  time, 
in  this  respect,  inferior  to  the  four-cycle  engine.  Should  the 
iron-works  now  be  compelled  to  consider  an  economy  of  gas, 
I  do  not  believe  that  the  larger  consumption  of  the  two-cycle 
engines  would  for  long  have  any  great  influence  on  the  ques- 
tion of  systems ;  for  then  the  iron-works  would  probably  first 
consider  a  more  thorough  cleaning  of  the  gas  employed  for 
heating  the  blast  and  for  burning  under  the  boilers,  thereby 
increasing  its  value,  and  in  this  manner  saving  gas.  So  long 
as  these  conditions  remain  as  they  are,  and  so  long  as  the  four- 
cycle engine  is  not  more  secure,  under  average  working  condi- 
tions, than  the  two-cycle  engine,  so  long  will  the  question  of 
systems  not  be  decided  by  general  and  theoretical  considera- 
tions, but  in  such  cases  by  the  iron-works  and  mining  industries 
themselves. 

The  situation  was  well  summed  up  by  a  manager  who,  re- 
ferring to  this  very  point,  told  me  personally  that  he  himself 
preferred  double-acting  four-cycle,  but  his  engine-drivers  pre- 
ferred double-acting  two-cycle. 

As  regards  other  industries,  they  need  not  at  present  be  con- 
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sidered  to  such  an  extent  that  they  could  assist  in  deciding  the 
question. 

In  conclusion,  it  is  my  duty  to  state  that  the  present  position 
of  the  application  of  gas-engines  in  German  iron-works  shows 
the  value  the  managers  of  these  undertakings  attribute  to  the 
better  and  less  dangerous  utilization  of  the  waste  gases  of  their 
-furnaces,  and  the  successful  efforts  that  have  been  made  by  the 
German  engineers  in  order  to  meet  the  requirements  suddenly 
demanded  by  iron-works.  It  also  proves  that  German  iron- 
works are  obliged  to  utilize  to  the  uttermost  the  sources  of 
power  at  their  disposal,  in  order  to  insure  their  existence,  and 
their  participation  in  the  trade  of  the  markets  of  the  world. 
In  other  richer  countries,  with  more  favorable  conditions,  the 
matter  is  not  so  urgent. 

PLATES. 

Secretary's  Xote. — Plates  I.  to  XY.  in  the  pamphlet 
edition  published  by  the  Iron  and  Steel  Institute  were  printed 
on  individual  inset  folders.  In  the  arrangement  of  the  paper 
for  the  Transactions,  these  illustrations  have  been  placed  more 
conveniently  by  extension  over  two  opposite  pages. — E.  W.  R. 
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Plate  I.— Gas-Driven  Blowing-Engine,  by 


Plate  III.— 700-h.p.  Tandem  Gas- Engine, 
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THE  Maschinenbau-Gesellschaft  Nurn'berg. 


BY  Ehrhardt  &  Sehmer,  Schleifmuhle. 


VOL.  xxxvn. — 4S 


Plate  IV. — 1,500-h.p,  Tandem  Gas-Exgine,  by  the  Markische 


I 


Maschinenbau-Anstalt,  Wetter  a.  d.  Euhr.     (See  also  the  preceding  page.) 
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Plate  V,— 1,500-h.p.  Blowing  Gas-Engine,  by  the  Elsassische 
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Maschineijbau-Gesellschaft,  MtJLHAusEN  I.  Els. 
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Plate  VI.—  Tandem  Gas-Engine,  by 


THE  GcTEHOFFNUNGSHiJTTE,   ObERHACSEX. 


Plate  VII.— 1,200-h.p.  Gas-Dynamo, 


BY   SCHUCHTERMANN   &   KrEMER,  DoRTMUND. 
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Plate  IX.— 1,600-h.p.  Gas-Dynamo  and  Bloaving-Engine,  by  the 


DUISBURGER    xMaSCHINESBAU-AkT.-GeS.,  FORMERLY   BeCHEM   &   KeETMAN. 
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Plate  X. — Double-Acting  Four-Cycle  Gas-Engine,  by  the 


GAS-ENGINES    IN    GERMAN    IRON    AND    STEEL    INDUSTRIES.  785 


Dingler'sche  Maschinen-Fabrik  Akt.-Ges.,  Zweibrucken. 
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Plate  XL— Two-Cycle  Engine,  OECHELHlrsER  System 
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BY   THE   ASGHERSLEBENER   MaSCHISESBAU-AkT.-GeS. 


VOL.  XXXVII. 49 
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Notes  on  Large    Gas-Engines  Built   in    Great  Britain,  and 
Upon  Gas-Cleaning.* 

BY  TOM  WESTGARTH,  MIDDLESBROUGH,  ENGLAND. 

(London  Meeting,  July,  1906.) 

As  papers  are  placed  before  you  upon  large  gas-engineis  in 
Belgium  and  Germany,  it  was  considered  that  some  informa- 
tion should  be  given  upon  the  same  subject  in  Great  Britain. 
I  therefore  agreed  to  compile  these  notes,  which  I  have  made 
very  short  in  view  of  the  somewhat  full  nature  of  the  other 
papers  presented  to  this  meeting,  and  considering  the  complete 
nature  of  the  many  publications  which  have  been  made  recently 
upon  the  subject  of  large  gas-engines. 

I  give  below  Tables  I.  to  VI.,  showing  the  number  and  par- 
ticulars of  large  gas-engines  which  have  been  built  or  are  build- 
ing by  British  makers,  and  in  view  of  the  growing  size  of  gas- 
engines  I  have  concluded  that  engines  of  less  than  500  h.p.  can- 
not now  be  included  in  the  category  of  large  gas-engines,  and 
therefore  I  have  not  considered  engines  under  that  power. 

Table  I. — ^'Oechelhduser''  Type  Gas-Engines.    Built  or  Building 
by  William  Beardmore  ^  Co.,  Limited,  Glasgow. 


No.  of 
Engines. 

Indicated 

Horse-Power 

Each. 

Type. 

Nature  of  Work. 

Gas  Used, 

6 
1 
4 
2 
4 
1 
1 
2 
7 

2,500 

1,850 

],250 

1,250 

625 

625 

625 

500 

500 

Twin  cylinder. 
Single  cylinder. 
Twin  cylinder. 
Single  cylinder. 
Single  cylinder. 
Single  cylinder. 
Single  cylinder. 
Single  cylinder. 
Single  cylinder. 

Dynamo. 
Rolling-mill. 
Dynamo. 
Dynamo. 
Dynamo. 
Eolling-mill. 
Air  compressor. 
Air  compressor. 
Cement-mill  driving. 

Producer. 
Producer. 
Producer. 
Producer. 
Producer. 
Producer. 
Producer. 
Producer. 
Producer. 

28  engines  ;  32,600  indicated  horse-power. 


*  Presented  at  the  Joint  Meeting  of  the  Iron  and  Steel  Institute  and  the  Ameri- 
can Institute  of  Mining  Engineers,  London,  July,  1906,  and  here  published 
under  a  mutual  agreement  between  the  Councils  of  the  two  Institutes. 
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Table  IL — '-KorUng"  Type  Gas-Engines.    Built  by  Mather ^ 
Piatt,  Limited,  Manchester. 


No.  of 
Engines. 

Indicated 

Horse-Power 

Each. 

Type. 

Nature 
of  Work. 

Gas  Used. 

1 
2 
2 
1 

1,250 
875 
625 
625 

Twin  cylinder. 
Single  cylinder. 
Single  cylinder. 
Single  cylinder. 

Dynamo. 

Dynamo. 

Dynamo. 

Flour-mill. 

Duff  producer. 
Mond  producer. 
Duff  producer. 
Mond  producer. 

Total,  6  engine.s  ;  4,875  indicated  horse-power. 

Table  III. — '^Premier''  Tgpe  Gas-Engines.    Built  or  Building  by 
the  Premier  Gas-Engine  Co.,  Limited,  Nottingham. 


■Kr.  r.f      '   Indicated 
E^^inls.    Fo--P-er 


Type. 


Nature  of 
Work. 


2 
1 
5 
4 
1 
11 
2 
1 
1 


1,100 
1,000 
650 
600 
600 
500 
500 
500 
500 


jTandem 
jTandem, 
Tandem, 
jTandem, 
Tandem, 
Tandem, 
Tandem, 
Tandem 
Tandem, 


single- 
single- 
single 
single- 
single- 
single- 
single- 
single- 
single- 


acting, 
acting, 
acting, 
acting, 
-acting, 
acting, 
acting, 
acting, 
acting. 


Dynamo. 

Blowing. 

Dynamo. 

Dynamo. 

Kolling-miU. 

Dynamo. 

Dynamo. 

Paper-mill. 

Dynamo. 


Gas  Used. 


Bituminous  producer. 
Blast-furnace. 
Bituminous  producer. 
Bituminous  producer. 
Bituminous  producer. 
Bituminous  producer. 
Coke-oven. 
Bituminous  producer. 
Blast-furnace. 


Total,  28  engines  ;  16,950  indicated  horse-power. 


Table  IV. — Gas-Engines  Built  by  Willans  ^-  Robinson, 
Limited,  Rugby. 


No.  of 
Engines. 

Indicated 

Horse-Power 

Each. 

Type. 

Nature  of  Work. 

Gas  Used. 

2 

900 

Tandem,    double- 
acting. 

Dynamo. 

Mason  producer. 

Total,  2  engines  ;  1,800  indicated  horse-power. 
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Table  V. — Gas-Enf)ines  Built  or  Buildinf)  by  Crossley  Bros., 
Limited,  llanchesier. 


Total,  33  engines  ;  19,360  indicated  horse-power. 

Table  YI. — ^^CockerilV  Type  Gas-Enyines.    Built  or  Buildiny  by 
Richardsons,  Westyarth  ^  Co.,  Limited,  Middlesbrouyh. 


No.  of 
Engines. 

Indicated 

Horse-Power 

Each. 

Type. 

Nature  of  Work. 

Gas  Used. 

2 
2 

1 

1,500 
1,500 
1,000 

Twin  tandem,  double- 
acting. 

Twin  tandem,  double- 
acting. 

Tandem,    double-act- 

Tube-rolling mills. 
Dynamo. 
Tube-rolling  mill. 

Mond  producer. 
Mond  producer. 
Mond  producer. 

2 

950 

ing. 
Tandem,    double-act- 

Dynamo. 

Blast-furnace. 

10 

1 
2 

800 

800 
750 

ing. 
Single  cylinder,    sin- 
gle-acting. 
Tandem,  single-acting 
Tandem,    double  act- 

Blowing. 

Mine  fan. 
Dynamo. 

Blast-furnace. 

Coke-oven. 
Mond  producer. 

1 

650 

ing. 
Tandem,    double-act- 

Dynamo. 

Mond  producer. 

1 

650 

ing. 
Tandem,    double-act- 
ing. 

Dynamo. 

Blast-furnace. 

Total,  22  engines  ;  20,500  indicated  horse-power. 

It  will  be  observed  no  mention  is  made  in  Tables  I.  to  VI. 
of  engines  built  by  Messrs.  Hornsbys  of  Grantham,  Rodger 
&  Co.  of  Glasgow,  Campbell  of  Halifax,  Fielding  &  Piatt  of 
Gloucester,    the    National     Company    of  Ashton-under-Lyne, 
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Tangyes  of  Birmingham,  or  the  Westinghouse  Company  of 
Manchester,  which  is  accounted  for  by  the  fact  that  none  of 
these  firms  have  as  yet  built  engines  of  500  h.p.  or  upwards, 
although  they  are  all  building  engines  of  fair  size. 

It  will  be  noticed  that  all  the  British  builders  of  large  gas- 
engines  are  using  the  "  four-cycle"  system,  except  the  builders 
of  Korting  and  Oechelhauser  engines,  who  work  upon  the 
"two-cycle"  system.  It  will  also  be  noticed  that  large  gas- 
engines  are  gradually  coming  into  use  in  Great  Britain  for 
general  purposes  ;  i.e.,  in  addition  to  blowing  and  dynamo  work, 
they  are  being  applied  to  rolling-mills  and  for  general  manu- 
facturing purposes,  cotton-mills,  cement-works,  etc. 

To  illustrate  the  extent  to  which  gas-engines  of  large  size 
are  now  being  used  in  Great  Britain,  I  have  included  in  the 
paper  illustrations  of  some  of  the  principal  installations  in  the 
country. 

Fig.  1  shows  the  installation  of  Oechelhauser  engines  built 
by  Messrs.  Beardmore  for  their  new  shipyard  at  Dalmuir. 
This  installation  is  of  6,625  i.h.p.  in  seven  units. 

Fig.  2  shows  part  of  an  installation  of  Korting  engines  by 
Messrs.  Mather  &  Piatt,  consisting  of  two  875-i.h.p.  engines 
now  running  at  a  chemical  works. 

Fig.  3.  Engines  supplied  to  Messrs.  Bayliss,  Jones  &  Bayliss 
by  the  Premier  Co.,  the  engine  in  the  foreground  being  of  650 
h.p.;  the  other  engines  are  of  less  than  500  h.p.,  and  therefore 
do  not  come  within  the  scope  of  this  paper. 

Fig.  4.  One  of  a  pair  of  900-i.h.p.  engines  built  by  Messrs 
Willans  &  Robinson,  and  running  at  Reading. 

Fig.  5  is  an  illustration  of  one  of  Messrs.  Crossley  Brothers' 
latest  engines,  of  625  i.h.p. 

Fig.  6  shows  a  large  installation  of  gas-driven  blowing-en- 
gines built  by  Messrs.  Richardsons,  Westgarth  &  Co.,  Limited, 
of  Middlesbrough,  for  the  Cargo  Fleet  Iron  Co.,  Limited. 
There  are  seven  engines,  of  a  total  of  5,600  i.h.p. 

Fig.  7  shows  Messrs.  Richardsons,  Westgarth  &  Co.'s  latest 
type  of  tandem  double-acting  gas-engines  for  dynamo  and  gen- 
eral work,  and  is  shown  as  illustrating  the  latest  development 
in  this  type  of  engine  ;  the  arrangement  being  one  which,  with 
alteration  in  detail,  has  been  adopted  generally  by  all  the  prin- 
cipal makers  of  gas-engines  working  on  the  "  Otto  "  cycle. 
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Fig.  11. — Theisen's  Gas-Cleaning  Apparatus  at  the  Works  op  the 
Cargo  Fleet  Iron  Company. 


Fig.  11a. — Theisen's  Gas-Cleaning  Apparatus. 
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It  is  thought  that  any  notes  upon  large  gas-engines  in  Great 
Britain  should  be  accompanied  by  a  reference  to  gas-cleaning, 
this  being  such  an  important 
matter  in  connection  with  the 
proper  running  of  the  engines. 
Most  engineers  commenced 
cleaning  the  gas  for  engines 
by  passing  it  through  ordi- 
nary fans  with  water.  It  was 
soon  found  that  two  or  more 
fans  in  series  would  be  neces- 
sary, and  that  a  considerable 
quantity  of  water  and  much 
power  were  required,  the  re- 
sult not  always  being  satis- 
factory, particularly  if  the 
gas  had  not  previously  been 
very  well  cleaned  and  cooled 
by  passing  through  large  dust- 
catchers  and  long  mains.  A 
difficulty  also  occurs  with  the 
moisture  absorbed  by  the  gas 
in  the  fans,  and  it  has  been 
found  necessary  to  supple- 
ment the  fans  by  various 
cleaning  and  drying  devices. 

One  of  the  pioneers  in 
dealing  with  the  cleaning  of 
gas  for  engines  was  Mr.  B.  H. 
Thwaite,  and  Fig.  8  gives 
particulars  of  his  apparatus, 
which  is  cleaning  blast-fur- 
nace gas  at  Sheepbridge.  A 
similar  plant  is  also  working 
at  Ardsley. 

Other  methods  of  cleaning 
the  gas  upon  much  the  same 
lines  have  been  worked  out  in  connection  with  producer-gas  by 
the  Power  Gas  Corporation  of  Westminster,  and  Mason's  Gas 
Power    Co.,  Limited,  of  Manchester.     Fig.  9  shows  a   plant 


Fig.  12. — Tar-Extkaction  Apparatus 
of  the  scmmerlee  company. 
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installed  by  the  Power  Gas  Corporation  at  West  Gorton,  and 
Fig.  10  a  plant  erected  by  Mason's  Company  at  Reading.  It 
will  be  observed  that  in  both  cases  fans  are  used  in  conjunction 
with  cooling-towers,  etc. 

Figs.  11  and  11a  represent  a  large  installation  of  Theisen's 
patent  gas-cleaning  apparatus,  erected  at  the  works  of  the  Cargo 
Fleet  Iron  Company  by  Richardsons,  "Westgarth  &  Co.,  Limited, 
of  Middlesbrough,  which  shows  the  latest  practice  in  cleaning 
blast-furnace  gas.  This  apparatus  is  able  to  clean  ordinary 
blast-furnace  gas  down  to  0.002  g.  per  cu.  m.  with  the  use  of 
less  than  I  liter  of  water  per  cu.  m.  of  gas.  It  will  be  ob- 
served that  a  vapor-separating  apparatus  is  fitted  to  the  outlet 
of  the  Theisen  cleaner,  which  has  the  efiect  of  thoroughly  dry- 
ing the  gas. 

Fig.  12  illustrates  the  Summerlee  Company's  patent  appa- 
ratus for  extracting  the  tar  from  gas  after  it  has  passed 
through  a  by-product  recovery  plant. 

I  have  not  entered  into  any  detailed  description  of  the  vari- 
ous gas-cleaning  apparatus  named  above,  my  object  in  these 
notes  being  merely  to  call  attention  to  the  various  systems  for 
the  benefit  of  those  who  require  general  information.  Nor 
have  I  made  any  mention  of  Zschocke,  Bian,  or  Sahlin  gas- 
cleaning  plants,  because,  although  these  are  receiving  some 
attention  in  this  country,  they  have  not  been  used  here  so  far 
as  I  know. 
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The  Crystallography  of  Iron.* 

BY   P.    OSMOND  AND   G.    CARTAUD,    PARIS,    FRANCE. 

(London  Meeting,  July,  IQOd.) 

I.  Introduction. 

We  have  already  devoted  two  previous  memoirs  to  this 
question.  In  the  first^  we  collated  and  discussed  the  existing 
literature  on  the  subject;  in  the  second,^  we  described  the 
crystalline  forms  obtained  by  the  reduction,  at  different  tem- 
peratures, of  ferrous  chloride  by  hydrogen  or  by  zinc-vapor. 
The  conclusion  from  these  researches  was  that  the  three  allo- 
tropic  states  of  iron — «,  stable  below  A2 ;  ft,  stable  between  A2 
and  AS ;  and  y,  stable  above  AS — all  crystallize  in  the  cubic 
system.  The  differences  observed  were  such  as  are  custom- 
arily encountered  in  the  crystallographic  records  of  many  min- 
erals of  which  allotropic  varieties  or  isomerides  are  not  known, 
and  did  not  conform  to  the  ordinary  definition  of  polymorphism. 

It  is,  however,  improbable  that  allotropic  transformations, 
which  are  placed  beyond  doubt  by  a  series  of  positive  facts,  do 
not  involve  some  changes  in  the  intimate  structure. 

As  a  matter  of  fact,  the  crystals  we  did  obtain  were  too 
small  to  allow  of  a  precise  examination,  and  this  might  intro- 
duce an  element  of  uncertainty  in  the  firm  establishment  of  our 
conclusions.  Professor  H.  Le  Chatelier  was  even  led  to  think 
from  some  of  our  results  that  r-iron  could  very  well  be  a  rhom- 
bohedron  simulating  a  cube,  and  not  a  true  cube,  and  it  will  be 
remembered  that  the  crystalline  form  of  bismuth  was  for  a  long 
time  incorrectly  regarded  as  cubic. 

.  Allotropy  does  not,  however,  necessarily  involve  such  a  deduc- 
tion.    Without  departing  from  the  cubic  system  at  all,  a  whole 

*  Presented  at  the  Joint  Meeting  of  the  Iron  and  Steel  Institute  and  the  Ameri- 
can Institute  of  Mining  Engineers  at  London,  July,  1906,  and  liere  published 
under  a  mutual  agreement  between  the  Councils  of  the  two  Institutes. 

'  Annates  des  Mines,  vol.  xvii.,  pp.  110  to  165  (1900). 

2  Ibid.'\o\.  xviii.,  pp.  113  to  153  (1900). 
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series  of  variants  may  be  found  incompatible  among  them- 
selves, and  yet  compatible  with  the  same  external  forms.  But 
as  a  study  of  the  latter  would  scarcely  lead  to  conclusive  re- 
sults concerning  the  structure  of  iron,  other  methods  had  to  be 
sought  to  solve  the  question. 

Optical  methods  are  not  available,  but  the  morphological  and 
other  characters  capable  of  yielding  useful  information  are  as 
follows : 

1.  Deformation  figures : 

Continuous  (a). 

Discontinuous — eifaceable:  lines  of  translation  and  fold- 
ing (6);  not  efi'aceable  :  mechanical  twinning  (c). 

2.  Congenital  twinning. 

3.  Twinning  resulting  from  annealing  after  deformation. 

4.  Mechanical  properties  functional  of  the  crystalline  orienta- 

tion. 

5.  Corrosion  figures. 

6.  Synchronous  crystallization  figures. 

7.  Segregation  figures. 

Before  we  describe  our  experiments  and  the  results  of  our 
observations,  we  shall  indicate  the  principles  of  these  different 
methods,  some  of  which  are  but  slightly  known. 

1.  Deformation  Figures. 

In  a  paper  published  in  collaboration  with  Mr.  Fremont'  we 
have  expressed  the  opinion  that  a  crystalline  body  may  in  a 
sense  be  considered  both  as  cellular  and  amorphous ;  the  former 
in  so  far  as  it  is  formed  of  polyhedral  grains,  each  of  which  is 
a  crystalline  element  of  definite  orientation,  and  the  latter  when 
the  deformations  are  governed  only  by  the  direction  of  the 
strains  and  are  independent  of  the  crystalline  structure. 

"Whence  arise  three  kinds  of  deformation,  which  may  be 
called  crystalline,  cellular,  and  banal.  In  the  present  work  the 
question  of  cellular  deformation  will  not  arise,  as  our  operations 
are  restricted  to  isolated  crystals.  We  are  chiefly  engaged  in 
crystalline  deformations.  With  regard  to  banal  deformations, 
we  shall  not  study  them  for  their  own  sake,  but  only  as  distinc- 
tive characters  when  we  encounter  them  in  course  of  work. 

^  Revue  de  Meiallurgie,  vol.  i.,  pp.  11  to  45  (1904). 
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Every  deformation  has  some  sort  of  general  configuration, 
which  may  be  called  its  silhouette,  and  which  is  the  boundary 
of  elementary  deformations.  It  is  the  area  of  a  previously  pol- 
ished body  that  loses  its  polish  when  the  deformation  takes 
place.  A  silhouette  is  naturally  continuous  and  closed.  Its 
form  on  an  ordinary  metal  with  cellular  structure  depends  only 
on  the  form  of  the  sample  and  on  the  nature  or  direction  of  the 
strains;  but  it  ceases  to  be  the  same  on  an  isolated  crystal,  for 
then  its  form  can  be  in  relation  with  the  crystalline  s}'mmetry. 

1  (a).  Continuous  Crystalline  Deformations ;  Silhouettes. — If  a 
sharp  conical  point  is  applied  to  a  flat  surface  of  a  plastic  crys- 
tal previously  polished,  from  which  all  skin-hardening  has 
been  removed,  a  permanent  deformation  is  obtained  around  the 
cone  of  penetration,  the  silhouette  of  which  is  not  circular, 
as  it  would  be  on  an  amorphous  or  finely  grained  bed,  but 
presents  a  definite  form  characteristic  of,  firstly,  the  crystallo- 
graphic  system  to  which  the  crystal  belongs,  and  secondly,  of 
the  crystallographic  orientation  of  the  surface  concerned. 

These  silhouettes  can  therefore  give  at  least  two  kinds  of 
information;  that  is,  they  can  indicate  the  system  of  crystal- 
lization to  which  a  crystalline  body  belongs,  if  that  knowledge 
is  required,  or  if  the  system  is  already  known  they  can  approxi- 
mately orient  a  slice  of  unknown  orientation. 

1  (6  and  c).  Discontinuous  Deformations. — Total  deformation 
inclosed  in  the  perimeter  of  a  silhouette  is  an  assemblage  of 
elementar}'  deformations  which,  in  part  at  least,  are  discon- 
tinuous and  in  lines.  The  lines  may  be  straight  or  curved.  In 
crystalline  bodies  the  straight  lines  generally  have  a  definite 
crystallographical  orientation.  These  lines,  when  obliterated 
by  polishing,  may  or  may  not  reappear  after  the  re-polished 
surface  is  etched  by  a  suitable  reagent. 

It  is  generally  admitted  that  a  crystalline  body  is  an  aggre- 
gate of  identical  molecular  polyhedra  of  the  same  orientation, 
and  having  their  centers  of  gravity  at  the  intersections  of  a 
reticulated  complex.* 

Now,  it  is  an  acknowledged  fact  that  in  a  given  crystalline 
body  certain  definite  reticulate  planes  ^^(Fig.  1,  in  perspective), 
called  planes  of  translation,  are   susceptible  to  displacement 

*  De  Lapparent,  Cours  de  Mineralogie,  p.  21.     (Masson.     Paris,  1899). 
VOL.  XXXVII. — 50 
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parallel  to  themselves  by  sliding  the  length  of  one  of  their 
ranges,  t,  and  this  can  take  place  without  causing  rupture. 
The  reticulated  plane,  P,  conjugate  of  T  and  passing  by  the 
range,  /,  is  called  the  sliding-plane  (p/a/i  de  poussee;  in  German, 
Schiebungsebene). 

Let  us  suppose  that  the  plane  of  translation  and  the  sliding- 
plane  are  rectangular,  and  that  the  sliding-plane  is  a  plane  of 
symmetry  of  the  system.  Let  ABCD  (Fig.  2)  be  a  mesh  of  this 
sliding-plane,  A  B  and  G  D  being  parts  of  two  immediately 
adjoining  planes  of  translation.  If  a  movement  of  translation 
takes  place,  while  CD  remains  fixed,  A  B  could  slide  on  itself. 


S'  B 


Fig.  1.— Plane  of  Trax?latiox 

AND   SlIDIXG-PlAXE. 


Fig.  2. — Movements  of 
Tra>".-;latiox. 
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Fig.  3. — Sliding-Plane  Before 
Translatiox. 


Fig.  4. — Slidln'g-Plane  Showing 
Simple  Translation  and  Me- 
chanical Twinning. 


In  this  movement  two  conditions  may  arise.  First,  A  B 
moves  to  A' B' ^  A'  being  any  point  in  the  direction  A  B,  and  the 
molecular  polyhedra,  of  which  the  centers  of  gravity  coincide 
with  the  intersections  A  and  B,  retain  their  initial  orientation 
after  displacement.  There  is  only  a  change  in  the  form  of 
the  mesh  ABCD,  which  is  now  in  a  condition  of  unstable 
equilibrium.  This  would  be  called  a  simple  translation. 
Second,  A  B  moves  to  A''  B" ,  in  a  position  symmetrical  with 
its  original  position,  and,  at  the  same  time,  the  displaced 
molecular  polyhedra  also  assume  the  orientation  symmetrical 
with  their  first  orientation,  with  reference  to  a  plane  perpen- 
dicular to  the  direction  of  translation.  In  this  case  mechanical 
twiunins:  ensues. 
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The  translation,  with  or  without  the  formation  of  twins, 
gives  place  to  the  appearance  of  little  straight  steps  on  the 
exterior  faces  of  the  crystal,  and  these  steps  are  parallel  to 
the  lines  of  the  planes  of  translation.  If  A  B  C  D  (Fig.  3) 
be  a  portion  of  the  sliding-plane,  let  us  suppose  that,  the  part 
C  D  mn  remaining  stationary,  the  plane  of  translation  im- 
mediately adjoining  m  n  is  displaced  for  a  short  distance, 
involving  the  upper  part  of  the  system.  The  terminal  lines 
A  C,  B  D  will  take  the  profile  C  m  j)'A'  (Fig.  4)  if  the  trans- 
lation is  simple,  or  Cmp"  A"  if  there  is  mechanical  twinning. 

To  distinguish  a  line  of  translation  from  a  mechanical  twin 
crystal,  the  deformed  face  must  be  re-polished  and  etched  by  a 
suitable  reagent.  Lines  of  translation  are  not  in  evidence,  be- 
cause the  molecular  polyhedra  have  retained  their  orientation ; 
the  made,  on  the  other  hand,  shows  up — it  has  a  definite  thick- 
ness, its  planes  of  junction  are  depresssed,  and  its  corrosion 
figures  are  not  the  same  as  those  of  the  initial  crystal,  since 
the  orientation  of  the  molecular  polyhedra  has  been  modified. 

The  notion  of  translation  can  easily  be  generalized.  It  is, 
in  fact,  probable  that  the  so-called  planes  of  translation  'are 
only  the  planes  of  easiest  translation,  and  that  when  the  faculty 
of  deformation  in  the  direction  of  these  planes  is  exhausted, 
others  enter  into  action  in  their  turn.  Imagine,  then,  that  the 
mesh,  A  B  C  D  (Fig.  2),  after  having  been  transformed  by 
simple  translation  from  one  parallelogram  into  another,  suscep- 
tible of  conserving  an  unstable  equilibrium,  can,  by  other 
movements  of  translation,  change  into  a  quadrilateral — the 
only  condition  being  that  the  area  remains  constant,  inasmuch 
as  the  density  does  not  change.  Ultimately,  when  all  the 
meshes  of  a  crystalline  body  are  dislocated  in  this  manner,  it 
becomes  in  a  way  decrystallized,  and  this  explains  the  curved 
deformations  (folds,  or  plissements). 

These  views  on  deformation  of  crystals,  still  comparatively 
little  known,  appear  to  have  originated  from  the  celebrated 
experiments  of  Reusch  and  Baumhauer,  on  the  mechanical 
twinning  of  calcite.  Simple  translation  was  introduced  into 
science  by  a  long  series  of  notes  due  to  Prof.  Miigge,  and  pub- 
lished for  the  most  part  in  the  Neues  Jahrbuchfur  Mineralogie. 
Prof.  Miigge's  researches  date  back  to  1884  at  least,  but  his  first 
work  was  on  minerals,  and  it  was  only  in  1899  that  he  took  up 
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native  metals.^  The  same  year  Prof.  Ewing  and  Mr.  Rosen- 
hain  undertook,  independently,  the  study  of  the  industrial 
metals,  and  in  a  remarkable  memoir,^  which  has  been  followed 
by  many  more,  were  developing  from  their  side  the  idea  of 
translation.  In  the  preceding  considerations  we  have  only  ad- 
vanced a  tentative  personal  interpretation,  ascribing  to  a  single 
cause  lines  of  translation,  twinning,  and  folding.  If  we  do 
not  retain,  in  this  instance,  the  term  "  slip-bands  "  proposed  by 
Prof.  Ewing  and  Mr.  Rosenhain,  it  is  because  this  term  in- 
cludes both  the  lines  of  translation  and  the  folds,  between 
which  we  consider  it  useful  to  make  a  distinction. 

In  the  case  of  bodies  belonging  to  the  same  crystallographi- 
cal  system,  the  position  of  the  planes  of  translation  and  of  me- 
chanical twinning,  and  also  the  presence  or  the  absence  of  folds, 
furnish  many  very  valuable  differentiiation  characters. 

2.    Congenital  Twinning. 

We  give  this  name  to  the  twinning  which  takes  place  spon- 
taneously during  the  progress  of  crystallization,  just  when  the 
solid  molecules  are  becoming  isolated  from  the  liquid  medium 
which  holds  them  in  a  state  of  fusion  or  in  solution. 

3.    Twinning  Resulting  from  Annealing  after  Deformation. 

This  twinning  results,  as  the  name  indicates,  from  the  an- 
nealing, for  a  sufficiently  long  time  and  at  a  sufficiently  elevated 
temperature,  of  a  crystalline  solid  previously  deformed. 

This  twinning  might  be  susceptible  of  relation  with  mechani- 
cal twinning  and  the  phenomena  of  translation.  If,  for  exam- 
ple, translation  has  moved  the  point  A  (Fig.  2)  to  the  vicinity 
of  the  symmetrical  point  A",  but  without  the  molecular  poly- 
hedron, which  has  its  center  of  gravity  at  A",  having  assumed 
the  orientation  corresponding  to  the  new  position  of  the  sys- 
tem, annealing,  when  wideniug  the  molecular  intervals,  could 
render  the  molecular  polyhedron  A  free  to  assume  the  position 
of  twinning  equilibrium,  which,  as  a  result  of  the  deformation, 
the  system  alone  had  taken,  or  nearly  so.  The  twinning  will 
only  then  be  consummated.     Provided  matters  actually  pro- 

^  Neues  Jahrbuchfur  Mineralogie,  vol.  ii.,  p.  55  (1899). 

^  Transactions  of  the  Royal  Society,  vol.  cxcv.,  pp.  279  to  301  (1900). 
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ceed  in  this  fashion,  tlie  annealing  simply  completes  the  work 
of  deformation. 

4.  Mechanical  Properties  Functional  of  the  Crystalliyie 
Orientation. 
The  possible  variations  in  these  properties  result  from  the 
very  definition  of  the  crystalline  structure.  It  has  been  a 
known  fact  for  a  long  time  that  the  cleavage-faces  are  faces 
of  minimum  hardness,  and  that  on  the  same  face  the  hardness 
varies  with  the  directi 
sense  of  the  striation. 


varies  with  the  direction  and  along  the  same  direction  with  the 


5.  Synchronous  Crystalline  Figures. 
When  a  body  is  caused  to  crystallize  on  a  crystalline  face  of 
a,nother  body,  it  occasionally  happens  that  the  structure  of  the 
latter  orients  the  molecules  of  the  crystallizing  body  to  the  ex- 
tent that,  as  they  separate  from  the  bath,  it  imposes  upon  them 
a  pseudosymmetry  which  does  not  naturally  belong  to  them. 
These  anomalies^  can  eventually  give  certain  indications  con- 
cerning the  crystallography  of  the  dominant  body. 

6.  Sec/regation  Figures. 

"When  a  body,  liquid  or  solid,  deposits  several  successive 
solid  phases,  the  deposits  of  the  second  or  third  consolidation 
frequently  settle  by  preference  between  certain  definite  crys- 
tallographic  planes  of  the  deposit  from  the  first  consolidation, 
and  in  this  way  show  up  its  structure. 

These  planes  between  which  the  segregation  takes  place  are 
probably  the  planes  of  maximum  separation,  or,  which  comes 
to  the  same  thing,  planes  of  the  greatest  reticular  density. 

II.  Experimental  Section. 

Such  are  the  methods  we  have  used  or  attempted  to  use. 

All  of  them,  of  course,  have  not  furnished  results  which 
could  be  used  for  the  end  we  had  in  view — that  is  to  say, 
means  of  diagnosis  applicable  to  the  different  varieties  of  iron. 
Whether  by  reason  of  their  inappropriateness,  or  because  we 
did  not  know  how  to  make  use  of  them,  certain  of  them  have 

'  See  an  article  by  M.  Wallerant :  Bulletin  de  la  Sociele  fran^aise  de  Mineralogie, 
Aimee,  p.  180  (1902). 
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given  negative  results.  This  will  not  deter  us  from  describing 
any  facts  observed,  whether  positive  or  negative,  which  could 
suggest  ideas  for  fresh  experiments  to  other  workers. 

We  must  evidently  work  for  each  of  the  allotropic  varieties 
of  iron  within  those  limits  of  temperature  where  the  particular 
variety  is  stable. 

For  a-iron  there  is  no  difficulty,  since  ordinary  temperature 
is  within  the  range  of  stability. 

For  /5-iron,  which  cannot  be  wholly  kept  in  unstable  equi- 
librium, temperatures  between  750°  and  855°  C.  (we  retain  the 
temperatures  indicated  in  our  preceding  publications.  To  take 
into  account  the  new  pyrometric  standards,  these  figures  must 
be  raised  to  about  780°  and  890°  respectively — that  is  to  say,  to 
the  figures  given  by  Roberts- Austen  or  by  Carpenter)  are  re- 
quired, as  far  as  possible  about  the  middle  of  the  interval,  in  the 
neighborhood  of  800°.  Besides,  a  crystal  of  a-iron  heated  in 
the  range  of  /^-iron,  and  cooled  to  the  ordinary  temperature,  be- 
comes again  the  same  crystal  of  a-iron — the  system  persists  be- 
yond transformation  A2. 

This  is  not  the  case  with  the  passage  of  the  point  Ad,  pro- 
vided it  has  been  sufficiently  exceeded,  and  for  a  sufficiently 
long  time.  It  is  quite  possible,  if  the  heating  and  the  cooling 
down  are  both  done  rapidly,  to  heat  a  crystal  of  a-iron  up  to 
900°  without  destroying  it;  but  if  it  is  maintained  at  this  tem- 
perature, the  crystal  resolves  itself  into  little  grains,  with  the 
formation  of  elongated  lamellae,  which  appear  to  be  twin  crys- 
tals. Fig.  5  is  a  photomicrograph  (100  diameters)  of  face 
p(OOl)  of  a  crystal  of  iron,  after  two  hours'  heating  at  about 
1,000°;  etched,  after  re-polishing,  by  alcoholic  picric  acid;  the 
sides  of  the  photomicrograph  are  parallel  to  the  sides  of  the 
square  of  the  original  crystal. 

It  is  therefore  preferable  for  the  study  of  the  crystallography 
of  j'-iron  to  resort  to  the  alloys  of  iron  with  carbon  and  man- 
ganese, nickel  or  chromium ;  naturally  selecting  from  these 
alloys  those  that  are  not  magnetic  at  the  ordinary  temperature. 

In  all  cases  it  is  expedient  to  have  the  crystals  as  large  as 
possible. 

As  regards  a-  and  ;3-irons,  thanks  to  the  generosity  of  Pro- 
fessor Tschernoff",  we  had  at  our  disposal  a  beautiful  specimen 
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from  an  open-hearth  furnace,  with  large  cubic  cleavages,  con- 
taining C,  0.05;  P,  0.30;  Mn,  0.00  per  cent. 

Another  sample,  still  more  remarkable,  was  procured  for  us 
by  Mr.  Werth,  director  of  the  metallurgical  works  of  Denain 
and  Auzin.  It  consists  of  the  fragments  of  an  old  steel  rail, 
which  during  15  years  had  served  as  a  guide  to  a  damper  in  a 
furnace-chimney,  and  of  which  certain  parts  had  during  this 
long  period  of  time  been  submitted  to  conditions  favorable  to 
the  development  of  crystals.  That  is  to  say,  in  accordance  with 
Mr.  Stead's  excellent  work,^  to  a  temperature  slightly  inferior 


Fig.  5. — Face  p(001 )  of  a  Crystal  of  Iron  Heated  for  Two  Hours  to 
1,000°  C,  Polished  and  Etched. 

to  A2.  Chemical  analysis  of  the  sample  made  in  the  labora- 
tory at  Denain  yielded  C,  0.06;  Si,  0.05;  S,  0.02;  P,  0.116; 
Mn,  0.30  per  cent.  Yet  the  amount  of  carbon  found  must  be 
above  the  mean,  inasmuch  as  we  have  encountered  no  traces 
of  cementite  in  the  numerous  sections  we  have  made,  and  the 
other  oxidizable  elements  are  to  a  great  extent  scorified  away, 
so  that  the  metal  is  almost  pure  iron,  in  crystals,  of  which  some 
attain  a  magnitude  of  several  cubic  centimeters. 

For  ^--iron  we  have  used  a  fragment  of  ordinary  cast  man- 

^  Journal  of  the  Iron  and  Steel  Institute,  vol.  liii.,  No.  1,  pp.  145  to  189  (1898). 
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ganese  steel,  which  Mr.  Hadfield  kiudlj  had  taken  from  the 
interior  of  an  ingot,  in  the  region  of  final  consolidation. 
Another  sample  came  to  us  from  the  Imphj  Steel  Works,  and 
contained  C,  0.15;  Si,  0.30;  P,  0.023  ;  Mn,  0.23;  Xi,  24.80; 
Cr,  2.21  per  cent.  Although  special  precautions  had  been  taken 
to  delay  the  cooling,  this  sample,  which  was  in  the  form  of  a 
round  bar,  presented  a  comparatively  fine  grain  inappropriate 
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Fig.  6. — Deformation-Apparatus  for  Use  in  Air. 


for  crystallographic  researches.  We  deformed  a  piece  of  it 
which  was  afterwards  annealed  at  about  1,300°,  and  obtained 
equi-axial  grains  of  a  mean  diameter  of  1  mm.  Mr.  Hadfield's 
manganese  steel,  on  the  contrary,  showed  on  fracture  distinct 
crystallites  with  rectangular  branches.  It  is  known  that  the 
axes  of  a  crystallite  in  the  cubic  sy.stem  are  the  quaternary 
axes  of  the  cube ;  consequently  it  was  possible  to  cut  sections 
with  a  known  crystallographical  orientation. 
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1  (a).  Continuous  Crystalline  Deformation ;  Silhouettes. 

The  principle  of  the  method  has  been  described  above,  A 
sewing-needle  served  for  the  tests  at  the  ordinary  and  at  lower 
temperatures ;  it  was  broken,  and  a  point  perfectly  acute,  with 
an  angle  of  about  60°,  was  re-made  at  the  hardest  part  by  rub- 
bing on  emery-papers  of  increasing  degrees  of  fineness. 

This  needle,  a  (Fig.  6),  is  fixed  by  a  vise  in  a  socket,  D,  which 
can  slide  along  the  lever,  A  B,  and  be  fixed  at  any  point  in  its 
length.  The  lever,  ^  JB,  is  articulated  at  A  on  a  movable  guide 
along  the  vertical  arm,  U  F.  To  obtain  a  silhouette  by  the 
pressure  of  the  point  on  a  polished  crystallographical  face,  the 
prepared  specimen,  G,  is  placed  on  the  support,  H,  in  such  a 
way  that  the  polished  face  is  horizontal.  A  is  moved  the 
length  of  E  F  until  the  lever,  A  B,  is  also  horizontal  and  the 
point  just  meets  the  piece  G.     Then  suitable  weights  are  sus- 

IN  HYDROGEN 


Fig.  7. — Deformation-Apparatus  for  Use  in  Hydrogen. 

pended  from  B  so  that,  taking  into  consideration  the  length  of 
the  arms  of  the  lever,  a  desired  pressure  is  brought  on  a. 

Between  200°  and  400°  C.  the  ordinary  needle  would  lose 
its  hardness ;  so  it  is  replaced  by  a  needle  made  of  high-speed 
steel. 

Above  400°  C.  it  is  no  longer  possible  to  work  in  the  open 
air ;  the  oxidized  film  obliterates  the  silhouettes  and  the  lines. 
The  experiment  must  be  made  in  hydrogen  or  nitrogen,  and 
the  needle  made  from  cast  quartz. 

A  porcelain  tube,  A  B  (Fig.  7),  is  heated  along  CD  in  a  Mer- 
met  furnace.  The  extremity.  A,  is  closed  by  a  cork,  F,  which 
abuts  against  a  wall,  F.  Another  porcelain  tube,  G  H,  with  an 
external  diameter  rather  smaller  than  the  internal  diameter  of 
A  B,  rests  against  the  cork,  F,  at  one  end,  while  at  the  other 
end  the  specimen  to  be  tested,  I,  is  placed,  along  with  two 
pieces,  K,  of  the  same  metal,  which  press  between  them  the 
end  of  a  Le  Chatelier  couple. 

The  pieces,  I  and  K,  form  together  a  cylinder  which  passes 
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into  the  tube  without  friction.  The  quartz  needle,  i,  is  set  in 
an  iron  tube,  M,  passing  with  slight  friction  the  cork  on  the 
right,  iV,  and  resting  on  a  partition,  0,  of  thin  sheet-iron  dia- 
metrically placed.  The  wires  of  the  couple,  P,  Q,  pass  between 
the  tube  and  the  cork,  N,  and  are  separated  from  one  another 
within  the  tube  by  a  pipe-clay  tube. 

The  holder  of  the  needle  serves  also  as  the  gas-inlet,  and  is 
perforated  with  a  hole,  i?,  for  the  purpose.  To  make  a  test, 
the  apparatus  is  cleared  out  by  means  of  pure  dry  hydrogen, 
entering  at  R,  and  passing  out  at  the  tube,  ^S',  which  penetrates 
through  the  cork,  E,  and  is  bent  at  a  right  angle.  When  this 
is  done,  8  is  closed,  because  the  play  between  the  handle  of 
the  needle  and  the  cork,  N,  is  too  great  to  insure  a  fast  joint, 
and  it  is  by  this  passage  that  the  gas  now  escapes.  The  furnace 
is  lighted,  and  the  temperature  raised  very  slowly  to  the  de- 
sired degree.  When  this  is  attained  the  needle  is  pushed  against 
the  polished  surface,  7",  and  pressed  against  it.  With  a  little 
practice  the  pressure  is  easily  regulated,  so  as  to  obtain  impres- 
sions that  are  neither  too  large  nor  too  small. 

The  same  set  of  apparatus  could  serve  for  nitrogen  were  it 
not  that  the  difficulty  of  drying  nitrogen  is  greater  than  in  the 
case  of  hydrogen;  because  tubes  of  sodium,  which  give  off 
hydrogen  as  a  result  of  the  decomposition  of  the  water-vapor, 
are  not  available,  and  to  keep  a  polished  surface  of  iron  intact 
the  desiccation  must  be  perfect.  We  have  therefore  modified 
the  apparatus  in  the  following  manner  : 

Two  similar  iron  tubes,  A  and  B  (Fig.  8),  closed  at  the  lower 
end,  are  placed  upright  side  by  side  in  a  nickel  crucible,  C. 
The  test-piece,  D,  is  placed  at  the  bottom  of  tube,  J.,  and  cov- 
ered with  a  convex  disk,  E,  of  thin  sheet-iron,  with  a  small  hole 
in  the  center,  which  supports  the  point  of  the  needle,  F.  At 
the  bottom  of  tube,  P,  there  is  a  piece  of  iron,  G,  in  which  is 
inserted  the  end  of  a  Le  Chatelier  couple,  the  wires  from  which, 
H^  I,  are  separated  from  one  another  by  a  pipe-clay  tube,  and 
from  the  iron  tube  by  a  cylinder  of  mica.  In  making  an  experi- 
ment the  crucible  is  filled  with  iron-turnings,  which  regulate 
the  temperature,  w^hile  A  is  filled  up  between  the  tube  and  the 
holder  of  the  needle  with  iron  which  has  been  reduced  by 
hydrogen  at  an  incipient  red  heat ;  the  whole  is  heated  over  a 
Meker  burner  until  the  desired  temperature  is  attained.     This 
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temperature  is  maintained,  and  the  holder,  K,  of  the  needle  is 
pressed.  The  pressure-figure  is  made,  and  there  is  nothing 
more  to  do  but  to  let  the  test-piece,  D,  cool  before  removing  it. 

The  iron  should  be  reduced  by  hydrogen  at  a  temperature 
sufficiently  high  for  it  not  to  be  pyrophoric,  and  yet  just  as  low- 
as  possible.  It  then  serves  to  absorb  the  small  quantity  of  oxy- 
gen retained  at  the  bottom  of  the  tube,  and  also  any  that  may 
leak  in  during  the  progress  of  the  op- 
eration. Its  use  was  suggested  to  us 
by  Mr.  Lebeau,  and  it  has  succeeded 

perfectly.     The  compact  iron  is  less  ///      nitrogen 

prone  to  oxidation,  and  is  protected 
by  it.  At  first  we  tried  copper,  which 
is,  in  fact,  protected  by  the  iron ;  then 
we  tried  Goldschmidt  manganese? 
which  arrests  the  oxidation  of  iron 
quite  well,  but  affects  its  surface,  prob- 
ably on  account  of  the  presence  of  im- 
purities. 

According  to  circumstances,  one  or 
other  of  the  three  apparatus  mentioned 
has  been  used. 

On  a-iron  the  indenting  has  been 
done  at  the  temperature  of  liquid  air, 
at  the  ordinary  temperature,  at  blue 
temper,  and  at  600°  C. 

On  /5-iron  at  about  800°  C.  ^ 

On  ^'-iron  at  900°,  and  when  employ- 
ing manganese  or  nickel  steels,  at  the  Fig.  8.— Deformation- Appa- 
ordinary  temperature.  »^tus  for  Use  in  Nitrogen. 

In  every  case  the  silhouettes  have  the  same  form  on  the 
same  crystallographic  face,  whether  the  iron  was  in  the  state  a, 
the  state  /?,  or  the  ^--state. 

On  the  cube  face  j)(001)  it  is  a  cross,  of  wdiich  the  arms  are 
parallel  to  the  diagonals  of  the  square,  and  which  has  four 
axes  of  symmetry  parallel  respectively  to  these  diagonals  and 
to  the  sides  of  the  square. 

On  a  rhombododecahedral  face  6'(011)  the  figure  may  still 
have  four  arms,  but  not  rectangular.  Most  frequently  these 
branches  coalesce  in  pairs,  and  give  a  silhouette  of  two  sheets 
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turned  towards  the  faces  of  the  cube  which  are  perpendicular 
to  the  section  under  consideration.  The  ligure  has  only  two 
axes  of  symmetry,  parallel  respectively  to  the  sides  of  the 
rectangle. 

On  an  octahedral  face  ai(lll)  there  is  a  figure  with  three 
lobes,  of  which  the  axes  of  symmetry  are  the  heights  (or  bi- 
sections) of  the  equilateral  triangle. 

To  represent  these  silhouettes,  let  us  imagine  a  cleavage- 
cube  which  has  been  subject  to  the  truncations  b^  and  a^,  apply 
these  truncations  to  the  face  of  the  cube,  which  they  cut  at 


IRON 


Fig.  9. — Pressure-Figures. 

45°,  and  project  the  whole  on  the  plan  of  the  illustration.  "We 
shall  thus  have  Fig.  9,  upon  which  the  silhouettes  that  we  have 
just  described  are  drawn. 

These  results  confirm  the  conclusion  that  we  have  drawn 
from  our  previous  trials — that  is  to  say,  that  the  three  allo- 
tropic  varieties  of  iron  belong  to  the  cubic  system.  In  fact, 
this  is  the  only  system  that  can  give  figures  with  four  axes  of 
symmetry  on  three  rectangular  faces.  The  quadratic  system 
could  only  have  these  on  the  bases  p(OOl)  parallel  with  one 
another,  and  the  cross,  with  four  axes  of  symmetry,  obtained 
fortuitously  on  one  face,  would  not  be  repeated  on  an  adjacent 
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rectangular  face,  as  we  have  ascertained  does  happen.  In  the 
rhombohedric  system  the  symmetry  on  one  face  ^(100)  is,  of 
course,  very  poor.  Hence,  with  bismuth,  which  crystaUizes  in 
rhombohedra,  simulating  cubes,  the  pressure-figure  on  a  polished 
natural  face  is  that  shown  in  Fig.  13  (75  diameters).  There  is 
only  one  axis  of  symmetry,  parallel  to  one  of  the  diagonals  of 
the  rhomb.  Perpendicular  to  this  axis  there  are  the  twin  crys- 
tals or  the  lines  of  translation  which  have  been  described  by 
Prof.  Miigge.^ 

Of  course  our  conclusions  assume  that  iron  remains  in  the 
^-state  from  the  point  AS  up  to  fusion.  Should  it  be  demon- 
strated that  the  point  of  Ball  and  Curie,  about  1,300°,  corre- 
sponds to  an  allotropic  transformation,  it  would  be  necessary 
to  split  ^-iron  into  two  and  to  revise  matters. 

1  (6).  Discontinuous  and  Effaceable  Deformation  Figures. 

Every  mode  of  deformation  can  be  emploj^ed  to  produce 
these  lines.  But  we  have  principally  resorted  to  that  which 
has  already  served  us  in  obtaining  the  silhouettes  described  in 
the  preceding  section — that  is  to  say,  the  normal  pressure  of  a 
needle. 

o.-Iron. — The  crystals  are  sliced  from  the  cleavage-faces. 

We  shall  first  describe  as  typical  the  tests  made  at  the 
ordinary  temperature.  The  results  are  assembled  in  Fig.  10. 
The  weight  on  the  needle  was  1.6  kilograms. 

On  face  j9(001)  the  branches  of  the  cross  are  formed  of 
the  folds  c  d  e  /,  which  envelop  one  another.  The  portions 
c  d,  ef  are  nearly  parallel  to  the  diagonals  of  the  square,  and 
might  be  lines  of  translation;  they  are  connected  together 
by  an  approximately  semicircular  arc.  Sometimes,  from  some 
unknown  cause,  this  arc  is  replaced  by  a  line,  g  h,  which  is 
comparatively  straight  and  parallel  to  one  diagonal  of  the 
square,  and  is  connected  by  small  arcs  to  the  lines  h  i,  g  f. 

On  the  truncation  6'(011)  the  figure  as  a  whole  is  still  a  cross, 
but  its  arms,  JTX,  Y  Y,  are  no  longer  rectangular.  The  acute 
angles,  Jl  0  Y,  are  turned  towards  the  intersection  of  the  trunca- 
tion with  the  face  of  the  cube  which  is  perpendicular  to  it. 
The  arms  are  formed  of  the  folds,  c  de,  roughly  elliptical,  and 
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enveloping  one  another.  Almost  always  these  folds,  instead  of 
closing  up,  coalesce  on  the  bisection  of  the  acute  angles,  either 
after  inflection,  as  represented  at/^,  or  without  inflection,  as  at 
k  i  h.     ITo  straight  line  is  visible. 

On  truncation  «^(111),  one  can  observe  on  each  of  the  three 
axes  of  symmetr}':  firstly,  nearly  straight  lines,  cd,  which  are 
situated  between  the  point  of  impact  and  a  summit  of  the 
triangle,  and  parallel  to  the  side  opposed  to  this  summit; 
secondly,  curved  lines,  ef,  which  part  at  e  from  one  of  the  axes 
of  symmetry  between  the  point  of  impact  and  the  side  of  the 
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Fig.  10. — Pbesstjre-Figures  on  o-Irox. 


triangle  normal  to  the  axis  concerned.  These  lines,  e  f,  have 
at  their  origin  the  aspect  of  spirals ;  they  may  bend,  following 
g  f  towards  the  adjacent  axis  of  symmetry,  but  more  frequently 
they  coalesce,  as  at  A,  with  the  straight  lines  c  d,  or  again  with 
their  neighbors  after  inflection,  as  at  i,  or  without  |inflection. 

Other  tests  have  been  made  on  face  p(OOl)  at  various  tem- 
peratures. The  silhouettes  are  the  same  in  all  cases,  but  the 
details  may  show  some  variation. 

At  the  temperature  of  liquid  air,  under  charges  of  1.5  to  3 
kg.,  the  silhouettes  are  nearly  without  details. 
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At  a  blue  temper  heat  there  were  produced  many  times  one 
or  more  branches,  such  as  iklm  (Fig.  10;  face  p) — that  is  to 
say,  formed  exclusively  of  straight  lines;  but  these  could  not 
be  reproduced  at  will. 

At  about  600°  C.  in  hydrogen,  the  figure  is  the  same  as  in 
the  cold,  but  more  subdued,  and  with  little  detail. 

fi-Iron. — It  seems  that  at  a  red  heat  in  hydrogen  the  polished 
iron  surface  suiters  some  modification,  and  that  a  superficial 
skin  forms  which  masks  the  details  of  the  deformation ;  even 
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Fig.  11. — Pressure-Figures  on  /^-Iron. 

after  cooling,  fresh  indentings  made  at  the  ordinary  tempera- 
ture show  nothing  more  than  the  silhouette.  It  is  true  that 
the  details  may  be  made  to  appear  later  on,  either  by  sponta- 
neous oxidation  in  the  air  (Fig.  14;  150  diameters;  face;:)),  or 
by  etching  with  picric  acid ;  but  much  sharper  results  are  ob- 
tained by  working  in  nitrogen  with  the  apparatus  (Fig.  8). 

On  face  ^(001)  the  arms  of  the  cross  are  exclusively  formed 
of  folds  which  cover  or  envelop  one  another;  these  folds  appear 
to  be  generally  more  rounded  than  those  of  a-iron. 

On  face  6'(011)  the  figure  is  the  same  as  that  for  a-iron. 

On  face  «'(111)  the  straight  lines  seen  with  «-iron  are  no 
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longer  observed.  The  curved  lines  similar  to  the  contours  of 
the  silhouette  alone  remain.     See  Fig.  11. 

y-Iron. — On  face  p(OOl)  the  lines  which  cover  the  silhouette 
of  the  cross  are  straight,  and  parallel  to  the  diagonals  of  the 
square. 

On  face  6^(011)  the  lines  are  again  straight,  and  belong  to 
three  systems — one  is  parallel  to  the  intersection  of  the  trunca- 
tion with  the  face  of  the  cube  which  is  normal ;  the  other  two 
are  symmetrical  in  relation  to  the  sides  of  the  rectangle,  and 
make  with  one  another,  with  a  very  gratifying  approximation, 
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Fig.  12. — Pressure-Figures  on  x-Iron. 


the  theoretical  angle  of  the  faces  of  the  octahedron — that  is, 
109?  28'. 

In  face  a'(lll)  the  lines  are  always  straight,  and  parallel  re- 
spectively to  the  three  sides  of  the  equilateral  triangle. 

The  results  are  arranged  on  Fig.  12. 

We  have  also  made  deformation  tests  on  practically  pure 
iron  above  900°.  Under  these  conditions,  we  have  seen  a  sin- 
gle crystal  break  up  into  grains ;  but  under  the  condition  of 
working  in  hydrogen,  there  are  on  these  little  grains  lines  of 
deformation ;  they  are  still  straight  lines — lines  of  translation. 


THE    CRYSTALLOGRAPHY    OF    IRON.  831 

The  curved  lines  of  /?-iron  and  «-iron  are  therefore  not  attribu- 
table to  a  question  of  temperature.  (We  learn,  subsequent  to 
writing  this  note,  that  Mr.  Rosenhain  has  made  observations 
on  ^-iron  which  agree  with  ours,  and  which  were  presented  at 
the  meeting  of  the  Iron  and  Steel  Institute  in  May.) 

If  we  compare  the  three  varieties  of  iron,  we  see  at  the  start 
that  the  lines  of  deformation  are  exclusively  straight  on 
^--iron.  j'-iron,  hence,  has  planes  of  easy  translation,  and 
according    to    directions    noted,    thei^e    planes  are  the  planes 


Fig.  13. — Pressuke-Figure  on  Bismuth. 

rt'(lll) — that  is  to  say,  parallel  to  the  faces  of  the  octahedron, 
exactly  as  in  the  case  of  copper,  gold,  silver  (Miigge),  and  lead 
(Humphrey).'" 

On  j3-iron  the  lines  are  exclusively  curved;  there  are  no 
planes  of  translation. 

On  a-iron  there  is,  at  least  on  faces  />,  and  especially  on  faces 
rt\  a  mixture  of  straight  and  curved  lines.  The  orientation  of 
the  straight  lines  apparently  proves  the  existence  of  planes  of 
translation  parallel  with  the  faces  of  the  octahedron — planes 
also  referred  to   by  Messrs.    Ewing   and  Rosenhain,"  and  of 

10  The  Metallographist,  vol.  vi.,  pp.  2-50  to  258  (1903).  "  Loc.  eit. 

VOL.  XXXVII.  — 51 
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whicli  we  had  previously  disputed  the  presence  in  iron.  But 
the  curved  lines  dominate  considerably,  therefore  the  transla- 
tion is  difficult,  and  the  greater  part  of  the  deformation  seems 
due  to  another  mechanism. 

We  have  employed  on  a-irou  other  modes  of  deformation — 
tensile  tests,  compression,  bending — and  in  every  case  we  have 
found  scarcely  anything  but  curved  foldings,  without  any  rela- 
tion to  the  crystallographic  directions  either  as  a  whole  or  in 
their  details.  We  shall  cite  only  one  experiment,  which  ap- 
pears to  us  convincing.  We  impressed  the  pressure-figures — that 
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Fig.  14. — PREasuRE-FiGURE  ox  /s-Irox  aftkr  Oxidation. 


is  to  say,  the  cross  of  Fig.  10 — upon  a  crystal  cut  into  an  elon- 
gated rectangular  sample,  and  presenting  on  two  lateral  faces 
the  faces  of  the  cube :  the  figures  indicated  immediately  the 
crystalline  orientation.  Then  we  submitted  the  bar  to  gentle 
bending  a  little  beyond  the  limit  of  elasticity.  This  new 
deformation  produced  new  lines  in  the  vicinity  of  the  crosses, 
and  on  the  crosses  themselves;  Fig.  15  (200  diameters)  shows 
one  of  the  crosses  and  its  surroundings.  It  will  be  noticed  that 
the  lines  produced  by  the  bending  are  neither  parallel  to  the 
diagonals  of  the  square  (axes  of  the  arms  of  the  cross)  nor 
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to  the  sides  of  the  square,  as  they  ought  to  be,  if  they  were  the 
lines  of  translation  following  the  faces  of  the  octahedron  or  of 
the  cube. 

1  (e).  Non-Effaceable  Deformation  Figures :  Mechanical 
Twinning. 
The  lines  that  have  just    engaged    our    attention,  lines  of 
translation  or  foldings,  if  obliterated  by  re-polishing,  do  not 
reappear  under  the  influence  of  etching.     And,  to  our  knowl- 
edge, slight  static  deformations  produce  no  others. 


Fig.  15. — Lines  Produced  by  Bending. 

On  the  other  hand,  under  certain  circumstances  that  we  are 
going  to  examine,  lines  are  obtained  that  etching  reveals  after 
re-polishing.  These  are  actual  lamellae,  with  very  slight  but 
decided  thickness;  in  other  words,  mechanical  twin  crystals  or 
macles. 

a-Iron. — The  lamelL^e  known  as  Neumann's  lamellse  or 
lines,  in  honor  of  the  savant  who  discovered  them  in  1850, 
have  been  recognized  for  a  long  time  in  cubical  meteoric  iron 
and  in  kamacite  (nickel  ferrite).  Their  presence  in  terrestrial 
iron  was   noted  by  Prestel.     (For  the  history  of  Neumann's 
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lines  we  have  drawn,  to  a  large  extent,  on  the  excellent  book 
of  Professor  Cohen,  Meteor itenkunde,  Stuttgart,  1894.) 

Neumann's  lamellae  are  visible  frequently  to  the  naked  eye, 
on  a  cleavage-face.  On  these  faces  they  are  parallel  either  to 
the  diagonals  of  the  square  or  to  the  lines  which  join  the 
angles  at  the  center  of  the  opposed  edges  (Fig.  16). 

After  polishing  to  low  relief,  they 
appear  as  slight  depressions  on  the 
faces  of  thQ  cube,  sometimes  as  depres- 
sions, sometimes  in  relief  upon  any 
other  crystallographic  section.  The 
best  reagents  for  showing  that  they 
have  a  decided  thickness  are  alcoholic 
picric  acid  and  nitric  acid,  the  latter 
very  dilute  (1  in  500),  which  gently 
eats  away  the  planes  of  junction  (Figs.  17,  250  diameters,  and 
18,  600  diameters).  With  reagents  susceptible  of  giving  cor- 
rosion figures,  the  interior  of  the  lamellae  can  assume  a  different 
color  from  that  of  the  principal  crystal  which  contains  them. 


Fig.  16. — Neumann's 
Lamellae. 


Fig.  17. — Neumann's  Lamellae  after  Etching. 

The  lamellae  may  be  of  uniform  thickness,  like  those  to  be 
seen  parallel  to  the  sides  of  Fig.  17,  or  present  a  more  or  less 
regular  indentation,  probably  connected  with  the  formation  of 
another  system  of  lamellae  (Fig.  18).  Fig.  19  (250  diameters; 
etched  with  picric  acid)  is  a  good  example  of  indented  or 
jagged  lines  on  a  non-oriented  section. 
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If  the  etching  is  vigorous — for  example,  with  10  per  cent, 
nitric  acid  for  half  a  minute,  after  a  previous  etching  for  four 
minutes  with  double  chloride  of  copper  and  ammonium  to  show 
the  corrosion  figures — Neumann's  lines  are  then  very  much  en- 


FlG.    18. — IXDEXTED    LaMELL.E. 


Fig.  19. — Indented  Lamella. 


larged;  they  become  visible  like  so  many  tine  file  teeth,  and  if 
they  are  numerous  enough,  give  the  piece  a  watered  aspect. 
Seen  through  the  microscope,  the  line  is  channeled  (Fig.  20 ; 
250  diameters),  but  these  channels,  corrosion  figures,  markings 
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of  strong  etching,  extend  really  to  the  edges  of  the  lamellae, 
and  it  becomes  almost  impossible  to  distinguish  the  lamella 
itself  from  the  corrosion  figures  belonging  to  it. 

Neumann's  lamellae  have  given  rise  to  numerous  works. 
It  is  agreed  to  regard  them  as  twin  crystals ;  but  many  diver- 
gent opinions  have  been  expressed  on  the  nature  of  these  twins, 
on  their  position  in  the  principal  mass,  and  on  the  law  of  twin- 
ning. 

Neumann'^  and,  later,  Tschermak'^  admit  that  it  is  a  question  of 
fluorspar  twinning,  which  is  represented  (Fig.  21,  la  and  16) 
in  elevation   and    plan;    the    octahedral  face  is  the  plane   of 


Fig.  20. — Photomicrograph  Showing  Channeling. 

twinning,  and  the  ternary  axis  the  axis  of  twinning.  As 
there  are  four  ternary  axes,  the  lamellae  could  belong  to  four 
cubic  sub-elements  imbricated  in  the  dominant  cube;  and  the 
twenty-four  faces  of  these  four  sub-elements,  identified  with 
the  planes  of  Neumann,  would  consequently  be  parallel  respec- 
tively to  the  faces  of  the  trioctahedron  a^(122).  Fig.  21,  Ic, 
indicates  the  position  corresponding  to  a  lamella  on  a  diametri- 
cal plane  passing  through  two  edges  of  the  dominant  cube; 
the  face  of  junction  is  the  face  of  the  cube  of  one  of  the  sub- 
elements. 

Rose,"   who    only    studied    the    direction    of    etched   lines, 

^^  From  Cohen. 

^'  Sitzungsberichte  der  Akad.  d.  Wiss.  zu  Wien,  Math.  Nat.  Classe,  vol.  Ixx.,  p.  443 
(1874).  '*  From  Cohen. 
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could  not  decide  whether  the  lamellae  are  parallel  to  rt2(122) 
or  to  a%112). 

Sadebeck'"  has  observed,  on  a  cleavage-face  of  the  dominant 
cube,  that  the  faces  terminal  to  those  of  the  lamellae,  which 
make  an  angle  of  45°  with  the  sides  of  the  square,  make  an 
angle  of  144|°  with  the  plane  of  the  face  of  the  cube.  Re- 
garding these  terminal  faces  as  the  cleavages  of  the  sub-ele- 


r/fOM  TSCHERMAK 


2    FROM    SAD£B£CK 


J    FffOfi   LINCK 


Fig.  21. — Neumann's  Lamella. 

ments,  he  concluded  that  the  plan  of  twinning  belonged  to  a 
trioctahedron  (20.20.9) — the  axis  of  twinning  being  perpen- 
dicular to  a  face  of  this  trioctahedron.  The  law  of  association, 
represented  bv  Fig.  21,  2,  thus  would  become  very  simple; 
for  in  accordance  with  this  law,  and  in  the  case  of  the  two  ele- 
ments twinned,  if  one  considers  two  faces  of  the  twinned  cubes 
cutting  one  another  in  the  direction  of  a  common  diagonal,  the 
face  of  one  of  these  cubes  is  a  face  of  the  trapezohedron  (112) 


Poggendorfi's  Annalen,  vol.  clvi.,  pp.  554  to  563  (1875). 
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of  the  other ;  moreover,  in  the  same  zone,  an  octahedral  face 
of  the  dominant  cube  is  the  rhombododecahedral  face  of  the 
secondary  cube. 

Finally,  Linck^*'  admits,  with  N'eumann  and  Tschermak,  the 
law  of  fluorspar  twinning,  but  the  junction  faces  should  be 
a\112)  and  not  ah{122).  See  Fig.  21,  3c.  Under  these  con- 
ditions the  planes  of  junction  have  the  same  notation  for  the 
two  unit  elements  twinned.  The  planes  a^(112)  are  at  the 
same  time  planes  of  translation  :  the  summit  d  of  the  mesh  adh  c 
(Fig.  21,  3c)  of  the  dominant  cube  has  only  to  be  transported 
at  d\  parallel  to  a  6,  in  order  to  form  the  twin. 

In  face  of  these  different  opinions,  fresh  researches  would 
apparently  not  be  useless. 

Taking  a  trihedral  cleavage-angle  on  Professor  Tschernoff^s 
iron,  we   cut   a    rectangular   parallelopiped  measuring  about 
15   by  15   by  7   mm.,  consisting  mainly 
of  a  single  crystal.   We  polished,  etched, 
and  photographed  the  six  faces  succes- 
sively, and  stuck  the  photographs  on  a 
wooden  model  of  the  size  desired.     The 
lamelhi?  of  Neumann  could  in  this  way 
be  followed  on  two  or  more  faces;  they 
Fig.  22.— Mechanical    ^^gj^g  very  numerous  in  the  specimen,  and 
Twinning  and  Lines  of  .  •         i  i 

Translation  ^^    ^^'^^    certain    that  they  were    always 

parallel  to  the  planes  a^(112),  which  con- 
tradicts Tschermak's  law  of  junction,  and  confirms  that  of 
Sadebeck  and  of  Linck.  The  law  of  twinning  still  remained 
to  be  decided.  It  appeared  difficult  to  decide  experimentally 
between  the  two  w^hich  have  been  proposed :  Neumann's 
lamellae  are  far  too  thin  to  permit  of  them  taking  pressure- 
figures;  and  for  the  same  reason  one  would  not  fare  better  in 
attempting  interpretable  corrosion  figures.  But  it  may  be 
remarked  that  Sadebeck's  twin  would  be  unique  of  its  kind. 
The  observation  which  suggests  this — that  is  to  say,  the  angle 
of  144|°  made  by  the  fracture-facets  of  the  lamellae  with  the 
plane  of  cleavage  of  the  dominant  cube — is  easily  explained 
by  Linck's  conception  :  these  fracture-facets  are  just  simply  the 
planes  (112)  of  the  lamellae ;  and  an  experiment  made  on  the 

'^  Zeitschriftfur  Kryslallographie,  vol.  xx.,  p.  209  (1892). 
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principal  dominant  cube  shows  actually  that  the  planes  of  junc- 
tion (112)  of  Neumann's  lamellae  are  also  the  possible  planes 
of  fracture.  Therefore  Linck's  theory  seems  to  us  sufficiently 
demonstrated. 

The  question  whether  Neumann's  lamellae  are  congenital 
twin  crystals,  as  Tschermak  thought,  or  the  result  of  mechani- 
cal twinning,  in  accordance  with  the  common  view  of  Sadebeck 
and  Linck,  remains  to  be  decided.  If  we  have  to  deal  with 
congenital  twinning,  or  a  product  formed  during  solidification, 
the  twin  crystals  would  really  belong  to  j'-iron;  but  as  we  do 
not  depart  from  the  cubic  system,  the  system  would  be  main- 
tained throughout  the  transformations,  and  a  twin  of  j'-iron 
remain  a  twin  of  a-iron.  There  is,  therefore,  no  objection  on 
this  head.  But  congenital  twins  are  of  the  same  magnitude 
as  the  crystals  from  which  they  are  derived,  since  the  develop- 
ment of  the  two  elements  twinned  has  been  simultaneous. 
Neumann's  lamellae,  on  the  contrary,  are  extremely  small ; 
moreover,  as  we  have  seen  (Figs.  18  and  19),  they  are  fre- 
quently inflected  and  thrust  aside  by  meeting  lamellae  of  an- 
other system.  Linck  has  also  observed  in  the  meteoric  iron  of 
Braunau  that  the  delicate  lamellae  of  rhabdite,  (Fe,  Ni)^?,  are 
broken  and  thrust  aside  by  the  lamellae  of  Neumann;  at  least, 
it  is  easy  to  produce  these  lamella?  artificially  by  deforming,  by 
shock,  a  fragment  of  crystal,  of  which  the  pre-existing  lamellae 
have  been  recorded  by  a  photograph.  Notably  when  a  crystal 
of  iron  is  cleaved,  Neumann's  lamellae  appear  in  abundance  on 
both  sides  of  the  cleavage-face. 

Therefore  there  is  no  doubt  that  Neumann's  lamellae  are  me- 
chanical twins.  Up  to  the  present  we  have  only  been  able  to 
obtain  them  by  shock,  and  more  readily  the  lower  the  temper- 
ature. The  Swedish  iron  that  Mr.  Hadfield  ruptured  by  trac- 
tion at  the  temperature  of  liquid  air,  exhibits  many  of  them  in 
the  vicinity  of  the  fracture.^'  At  the  ordinary  temperature, 
the  production  of  lamellae  is  still  easy,  at  least  by  shock,  as  we 
have  already  said.  But  it  does  not  take  place  at  the  temper- 
ature of  blue  temper,  nor  at  higher  temperatures. 

p-Iron. — In  this  case  there  are  no  known  mechanical  twins. 

y-Iron. — Slight  deformation,  without  shock,  only  gives  etiace- 
able  lines  of  translation.     But  more   severe  deformation  fur- 

Journal  of  the  Iron  and  Steel  Institute,  vol.  Ixvii.,  No.  1,  p.  248  (1905). 
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nishes  twins  as  well.  On  our  nickel-chromium  steel  from 
Iraphj  we  have  impressed  marks  deeply  in  the  cold ;  the  sur- 
face marked  in  this  manner  was  partly  filed,  re-polished,  and 
etched  with  a  hydrochloric  solution  of  iron  perchloride.  The 
etching  shows,  in  the  region  of  most  deformation,  parallel 
double  lines,  with  the  space  between  of  different  coloration  from 
that  of  the  grains  in  which  they  occur — this  is  therefore  a 
question  of  twins.  To  determine  the  orientation,  the  etched 
piece  was  subjected  to  slight  general  deformation;  lines  of 
translation  appeared,  and  it  was  always  observed  that  one  of 
the  systems  of  lines  was  alongside  or  parallel  with  the  twins 


Fig.  23. — Mechaxical  T^\i:N~  j:x   .Manganese  Steel. 

If  the  twins  are  represented  by  heavy  lines,  and  the  lines  of 
translation  by  fine  ones,  the  scheme,  Fig.  22,  is  obtained.  The 
octahedral  faces  are,  at  the  same  time,  planes  of  translation, 
planes  of  twinning,  and  planes  of  junction.  The  occurrence  is 
frequent  in  the  cubic  system. 

The  same  twins  are  obtained  in  manganese  steel  quenched 
at  yellow  heat,  but  they  are  localized  around  the  lines  of  frac- 
ture, and  are  due  to  the  tensile  stresses  which  have  caused  these 
fractures  (Fig.  23,  of  200  diameters,  and  Fig.  24,  of  800  diame- 
ters, etched  with  5-per  cent,  alcoholic  picric  acid). 

When  the  same  metal  is  subjected  to  an  alternative  series 
of  polishings  and  etchings,  reliefs  form  around  the  patches  of 
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cementite  or  other  foreign  substances  which  have  not  been  dis- 
solved, and  on  these  reliefs  the  polishing  alone  results  in  the 
formation  of  twinned  lamellpe  (Fig.  25  ;  200  diameters ;  etched 


Fic4.  24. — Mechanical  Twins  in  Manganese  Steel. 


Fig.  25. — Twinned  Lamella  in  Manganese  Steel. 

30  seconds  by  a  solution  of  ferric  chloride,  containing,  per  cent,, 
10  parts  of  concentrated  chloride  and  6  of  hydrochloric  acid). 
Figures  23,  24,  and  25  recall  martensite  exactly,  and  thus 
offer  an  easy  explanation  of  its  structure :  the  partial  transfor- 
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mation  of  ^-iron  into  a-iron,  a  transformation  which  starts 
below  400°  C.  in  the  case  of  sudden  quenchinu',  and  causes 
considerable  stresses.  These  stresses,  in  their  turn,  involve  a 
more  or  less  complete  formation  of  an  infinity  of  twins,  par- 
allel in  each  grain  to  the  four  pairs  of  octahedral  faces ;  hence 
the  frequency  of  square  figures  and  equilateral  triangles  on  a 
chance  section. 

The  structure  of  martensite  is  hence  a  structure  peculiar 
to  }--iron,  although  the  iron  is  not  present  in  the  ^-state,  at 
least  for  the  most  part.  Even  after  tempering,  when  all  the 
iron  has  resumed  the  «-state,  if  the  temperature  and  duration 
have  been  sufl5ciently  controlled  to  prevent  the  reconstitution 
of  equiaxial  grains  which  characterize  «-iron,the  a-iron  may  be 
retained  pseudomorphic  on  the  martensite  structure  of  j-'iron. 
The  grains  are  in  this  way  cut  up  by  an  infinite  number  of 
extremely  thin  lamellae  parallel  to  four  different  planes;  the 
continuity  of  tlie  cleavages  /)(001)  is  broken,  and  the  natural 
fragilit}'  of  a-iron,  due  to  these  cleavages,  is  evaded.  Hence 
the  part  played  by  quenching  and  tempering  in  the  ameliora- 
tion of  mild  steels. 

This  structure  of  martensite  is  that  of  octahedral  meteoric 
irons  on  a  reduced  scale.  It  is  known  that  these  irons  are 
formed  of  comparatively  thick  lamellae  parallel  to  the  four 
pairs  of  regular  octahedral  faces.  Disregarding  the  ta?nite 
(alloy  rich  in  nickel),  the  schreibersite,  (Fe,  Ni),?,  and  the 
plessite  (mixture  of  tfenite  and  kamacite),  which  may  be  found 
interspersed  among  the  lamella?,  the  latter  are  composed  of 
«-iron  containing  about  7  per  cent,  of  nickel  in  solid  solution, 
and  have  received  the  petrographic  name  of  kamacite  (from 
Ka/xa^,  beam).  This  is  still  a  structure  of  j'-iron.  Although  the 
iron  has  resumed  the  a-state,  this  structure  is  preserved  be- 
cause, in  the  presence  of  nickel,  the  point  of  transformation  A  3 
is  lowered  to  such  an  extent  that  the  a-iron  cannot  resume  its 
natural  structure  of  equiaxial  grains.  The  position  is  exactly 
that  of  martensite  tempered  at  a  moderate  temperature.  The 
a-iron  remains  crystallized  on  the  axes  of  the  j'-iron. 

Linck  w^as  already  convinced  that  he  could  affirm  octahedral 
meteoric  irons  being  polysynthetic  aggregates  of  four  twinned 
cubic  sub-elements  with  a  cloTninant  cube,  following  the  ordi- 
nary law  :  a\lll)  plane  of  twinning  and  plane  of  junction.    We 
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have  tried  to  verify  this  affirmation  on  a  fragment  of  a  meteor- 
ite brought  from  the  neighborhood  of  Timbuctoo  by  Mr.  Ward. 
This  fragment,  taken  from  near  the  periphery,  was  unfor- 
tunately a  httle  deformed.  For  this  reason  we  have  not  been 
able  to  put  Linck's  law  to  the  test  by  the  study  of  Neumann's 
lines,  on  a  section  parallel  to  a  face  of  the  dominant  cube. 
The  directions  observed  differed  too  much  from  the  theoretical 
to  allow  a  verification  of  the  law;  but  this  difference  would  be 
explained  by  the  notable  deformations  manifestly  sustained, 
the  least  deformation  causing  the  angles  to  vary  rapidly.  In 
fact,  the  method  w' as  too  delicate  in  character.  We  then  turned 
to  a  coarser  and  consequently  more  appropriate  method,  that  of 
pressure-figures.  If  Linck's  theory  is  true,  a  face  p(OOl)  of  the 
dominant  cube  cuts  the  associated  four  twinned  secondary 
cubes  on  the  planes  «|(122).  Every  pressure-figure  on  such  a 
face  of  the  dominant  cube  ought  then  to  be  characteristic  either 
of  a  plane  (001)  or  of  four  planes  (122)  variously  oriented,  and 
no  other  figures  ought  to  be  formed.  This  is  what  experiment 
has  fully  confirmed,  verifying  again,  in  this  instance,  the  con- 
clusions to  which  Linck  had  been  led  by  other  methods. 

Let  us  add  that  this  polysynthetic  structure  is  by  no  means 
peculiar  to  iron.  There  is  a  tendency  for  it  to  take  place 
whenever  allotropic  or  isomeric  changes  are  produced  in  the 
solid  state  with  a  change  in  volume,  so  that  the  resulting 
tensions  can  effect  mechanical  twinning.  It  is  in  this  manner 
that  Mr.  Breuil  has  been  able  to  show  martensitic  structure  in 
hardened  aluminum  bronze,'*  a  fact  w^hich  has  been  confirmed 
by  Dr.  Guillet.^'-'  These  are  only  specific  cases  of  a  general 
phenomenon. 

2.   Congenital  Twinning. 

This  can  only  be  encountered  in  j'-iron,  which  alone  crystal- 
lizes from  the  liquid  state.  But  as  we  have  said,  in  connection 
with  octrahedral  meteoric  irons,  these  twins  of  j--iron  could, 
under  favorable  circumstances,  be  preserved  in  the  a-state.  It 
is  in  this  way  that  Tschermak  tried  to  explain  Neumann's 
lamellae.  But  this  explanation,  although  it  did  not  prove  re- 
liable in  this  particular  case,  is  plausible  in  itself;  and  it  may 


^^  Comptes  Rendus,  vol.  cxl.,  p.  587  (190o). 

*^  Revue  de  Metallurgie,  Mem.,  vol.  ii.,  pp.  567  to  588  (1905). 
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yet  be  asked  if  adjacent  grains  of  a  crude  ingot  of  iron,  each 
of  which  grains  can  represent  a  primitive  crystallite  or  part  of 
one,  could  not  form  twinned  groups  among  themselves. 

It  is  this  that  we  have  endeavored  to  investigate  on  the  same 
crystal  of  iron  of  which  we  have  already  spoken,  and  which 
has  served  us  in  studying  the  crystallographical  position  of 
I^eumann's  lamellte.  The  rectangular  parallelopiped  cut  on 
three  cleavage-faces  contained,  in  fact,  besides  the  dominant 
crystal,  fragments  of  three  or  four  adjacent  grains.  If  a  face 
29(001)  is  etched  by  Heyn's  reagent  (12-per  cent,  double  chloride 


Flu.  2(3. — DuMINAXT    AND    FOREIGN    CRYSTALS. 

of  copper  and  ammonium)  during  30  seconds,  then  b}'  (1  to  5) 
nitric  acid,  to  eat  out  Neumann's  lines,  the  sections  of  the  for- 
eign grains  viewed  in  vertical  light  have  in  general  a  much 
deeper  tint  than  that  of  the  faces  p(001)  of  the  dominant  cube. 
Moreover,  on  the  latter  themselves  darker  veiuings  can  be 
seen.  Fig.  26  (10  diameters),  the  sides  of  the  photomicrograph 
are  parallel  with  the  sides  of  the  face  of  the  cube.  When  these 
veinings  or  marblings  are  studied  it  is  seen  that,  as  regards 
direction,  they  are  related  to  the  foreign  grains.  The  micro- 
graph reproduced  furnishes  an  example :  it  shows  seven  dark 
bands  slishtlv  inclined  to  the  vertical :  the  middle  and  longest 
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one  is  more  pronounced  than  the  others,  and  is  not  crossed  by 
the  Neumann's  lines  which  meet  it;  this  is  a  fragment  of  a 
foreign  crystal,  whereas  the  parallel  bands   crossed  by  I^eu- 


FiG.  27. — Corrosion  Figcres. 


Fig.  28.  —  Cokrosiox  Figures. 


mann's  lines  form  integral  parts  of  the  dominant  crystal. 
Under  high  magnifications  of  the  microscope,  while  the  plain 
portions  show  beautiful  square  corrosion  figures  (Fiff.  27,  1200 
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diameters,  with  the  sides  of  the  photomicrograph  parallel  to 
the  diagonals  of  the  square),  the  dark  marblings  show  much 
smaller  and  less  decided  figures,  separated  by  furrows  strongly 
depressed,  where,  with  the  light  and  focus  delicately  adjusted, 
square  forms  can  be  recognized  (Fig,  28 ;  1200  diameters). 
There  is  no  doubt  that  these  marblings  represent  crystallite 
branches  which  arise  from  one  of  the  neighboring  grains  after 
solidification.  These  branches  in  course  of  a  very  slow  cool- 
ing were  assimilated  below  the  point  AS  hy  the  crj'stal  which 
they  penetrate.  Only,  although  the  assimilation  was  crystallo- 
graphically  complete,  since  Xeumann's  lamellae  have  nothing 
to  do  with  the  marblings,  there  yet  remained  some  recognizable 
traces  of  the  difiference  of  origin,  which  are  rendered  evident 
by  the  copper  chloride. 

The  grains  that  retained  their  own  orientation  different 
from  that  of  the  dominant  crystal,  are  the  residues  of  the 
primary  crystallites.  Therefore,  from  the  actual  orientation 
of  the  foreign  grains  we  can  see  if  these  primary  crystallites 
are  formed  in  the  position  of  twins.  In  that  case,  the  face 
of  the  dominant  cube  will  cut  the  twinned  cubes  on  the  planes 
«2(122),  as  happens  in  the  octahedral  meteoric  irons.  The  ex- 
periment made  with  pressure  figures  only  confirmed  this  con- 
jecture for  one  grain  in  three.  But  the  two  other  grains  may 
originate  from  a  different  group ;  it  would  therefore  be  impru- 
dent to  draw  a  definite  conclusion  either  one  Avay  or  the  other. 

3.    Twinning  Resulting  from  Annealing  after  Deformation. 

Such  twins  as  these  are  produced  with  greatest  ease  in  cop- 
per, bronze,  brass,  etc.,  as  shown  by  the  work  of  Prof.  Heyn,^" 
Mr,  Charpy,"  and  others. 

When  a  crystal  of  iron  which  has  suffered  partial  deforma- 
tion— by  the  pressure  of  a  needle  on  a  face  of  the  cube,  for 
example — is  annealed  either  below  A2  or  between  J.2  and  J.3, 
the  region  of  most  deformation — that  is  to  say,  in  the  case 
under  consideration,  a  ring  round  the  point  of  impact — resolves 
itself  into  little  grains  of  various  crystalline  orientation  (Fig. 
29  ;  60  diameters  ;  etched  with  5-per  cent,  alcoholic  picric  acid) ; 
but  these  new  grains  never  show  twinned  lamellae. 

''''  Zeiischrift  des  Vereines  deutscher  Ingenieure,  vol.   xliv.,  pp.  433  to  441,  503  to 
509  (1900). 

^1  Bulletin  de  la  Societe  d' Encouragement  (5),  vol.  i.,  p.  180  (1896), 
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AVith  ^--iron  it  is  not  the  same.  Our  sample  of  nickel- 
chromium  steel,  which,  as  rough  cast,  contained  no  twin,  de- 
veloped a  large  number  when  cold-deformed  and  annealed  at 
about  1,300°.  It  remained  to  determine  these  twins,  although 
from  our  knowledge  of  meteoric  irons  it,  a  priori,  was  highly 
probable  that  we  again  had  to  do  wnth  a^  twinning. 

The  grains  were  much  too  small,  with  a  mean  diameter  of 
1  mm.,  to  permit  of  isolation  and  slicing,  so  a  chance  cut  was 
made.  It  was  probable  that  on  this  section,  which  con- 
tained a  hundred  or  so  grains,  there  would  be  some  pre- 
senting spontaneously  a  cube  face.     To  find  them,  the  whole 


Fig.  29. — Iron  Annealed  after  Deformation. 

piece  was  subjected  to  slight  general  deformation  in  two  di- 
rections at  right  angles,  so  as  to  show  lines  of  translation  in 
the  polished  section,  and  microscopic  search  was  made  for 
grains  presenting  two  systems  of  rectangular  lines  and  no 
others.  We  found  one  of  sufficient  size  fulfilling  these  condi- 
tions (Fig.  30,  above  the  line  A  B).  This  grain  is  cut  precisely 
by  lamellae  A  a  q  b,  c  d  e  f,  g  h  o  B,  q  p  r  s,  parallel  to  one  of  the 
systems  of  lines,  without  having  the  second :  they  are  twins, 
and  we  happen  to  be  on  a  face  ^^^Ol)  of  the  dominant  cube, 
or  nearly  so.  To  make  certain,  indentings  were  made  with  the 
needle,  and  the  cross  of  the  cubic  faces  was  obtained  in  good 
form,  and  on  one  of  the  twins  a  diiferent  figure.  However,  on 
VOL.  XXXVII. — 52 
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looking  closely  into  the  matter,  it  was  observed  that  the  arras 
of  the  cross  inclined  slightly  to  the  vertical  lines;  that  the 
crosses  gave  rise  to  a  new  system  of  lines  also  slightly  inclined 
to  the  vertical,  and  that  the  line  a  b,  boundary  of  the  twin  that 
we  have  figured  perpendicular  at  A  B,  is  not  exactly  so.  This 
was  therefore  not  a  true  y^(OOl)  face,  but  it  did  not  deviate 
much  from  one.     To  rectify  matters,  a  cut  was  made  perpen- 


IRON^ 


Fig.  30. — Twins  Developed  by  Cold-Deformixg  and  Annealing. 

dicular  to  the  first  following  A  B,  and  this  is  represented  by 
the  lower  part  of  Fig.  30,  after  reduction  to  the  plane  of  the 
picture.  This  section  encounters  the  twins  A  ah',  ced'f, 
g  i  h'  k' ,  I  m'  B,  belonging  to  two  different  systems. 

If  it  is  a  true  6^(011)  face,  and  if  our  conjectures  concerning 
the  nature  of  the  twinning  are  well  founded,  the  lines  a  b' ,  c  d', 
etc.,  should  make  an  angle  of  54°  44'  with  A  B.  In  reality, 
as  may  be  supposed  after  the  remarks  made,  these  conditions 
were  not  well  fulfilled.    But  taking  the  direction  of  the  lamellte 
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for  a  guide,  the  first  cut  was  adjusted  on  a  fine  grindstone,  then 
the  second,  and  so  on  progressively.  When  the  work  was 
done,  the  two  rectangular  faces  ought  to  be  exactly  p(OOl)  and 
6'(011)  respectively;  and  the  lamella?  ought  to  make  with  AB 
an  angle  of  90°  on  the  first  and  of  54°  44'  on  the  second. 
From  measurements  made  on  the  photographs  with  a  pro- 
tractor, the  angles  are  respectively  89°  and  54|^°,  which  is  a 
satisfactory  result,  more  particularly  as  the  production  of  lines 
of  translation  necessitated  a  slight  deformation.  The  twinning 
resulting  from  annealing  ^-iron  is  then  the  same  as  the  me- 
chanical twinning,  wnth  a^(lll)  for  plane  of  twinning  and  plane 
of  junction;  it  is  possible,  as  we  have  already  said,  that  the 
annealing  simply  develops  the  germs  of  mechanical  twins. 

4.  Mechanical  Properties  Functional  of  Crystalline  Orientation. 

a-Iron., — Two  prismatic  test-pieces  were  taken  in  the  same 
crystal  previously  annealed  at  about  800°,  and  cut  in  such 
a  way  that  one  of  the  axes  of  the  figure  was  in  the  one 
case  parallel  to  a  quaternary  axis  of  the  crystal  (lateral  faces 
parallel  to  i)(001),  ;?(001),  6'(011),  6-(012));  in  the  other 
case  to  a  ternary  axis  (lateral  faces  parallel  to  6'(011)  and 
a^(112)). 

These  two  test-pieces  were  submitted  to  compression,  with 
the  following  results : 


Compression  Parallel  to 


Original  heiglit  of  prism  in  millimeters 

Original  section  of  prism  in  square  millimeters 

Limit  of  elasticity  in  kilograms  per  sq.  millimeter 

Maximum  charge  in   kilograms   per  square  milli-  "(^ 

meter  of  original  section j 

Final  height  in  millimeters...... 

Crushing,  total,  in  millimeters 

Crushing, per  cent,  per  kilogram  above  the  elastic  limit 


Ternary 
Axis. 


8.905 
79.94 
17.0 

38.8 

8.34 

0.565 

0,29 


Trials  of  hardness  were  also  made  by  Brinell's  method, 
under  a  charge  of  140  kg.,  applied  during  2  min.  with  a  ball 
of  5  mm.  diameter,  with  the  following  results : 


850  THE    CRYSTALLOGRAPHY    OF    IRON. 

Metal  Annealed  at  Bright  Cherry  Red  {about  800°). 


p(OOl). 

61(011). 

a\lll). 

Diameter  (D)  in  millimeters 

ttD^  :  4  in  square  millimeters 

1.642 

2.1174 

66 

1.602 

2.0157 

69 

1.533 

1.8457 

76 

Metal  Annealed  at  Very  Dull  Red  {about  550°). 


Diameter  (D)  in  millimeters.. 
ttD^  :  4  in  square  millimeters 
Hardness  (H) 


p(OOl). 


1.540 

1.8627 

75 


6H011) 


aHlll). 


1.500 

1.7672 
79 


1.484 

1.7296 

81 


The  number  for  the  mean  hardness  of  metal  annealed  at 
bright  cherry  red  (70)  is  notably  lower  than  the  minimum  (76) 
of  Dr.  Benedicks^^  for  iron  also  annealed;  this  is  explained  by 
the  absence  of  joints  in  our  sample. 

Each  of  our  numbers  is  the  mean  of  four  impressions  mea- 
sured in  two  rectangular  diameters.  These  impressions  are 
neither  so  sharp  nor  so  circular  as  on  metals  with  fine  grain, 
where  they  affect  a  large  number  of  grains  of  varied  orienta- 
tion. Consequently  there  is  some  uncertainty  in  the  measure- 
ment of  the  diameters,  and  as  the  differences  appropriated  to 
different  faces  do  not  much  exceed  the  limit  of  experimental 
errors,  the  question  may  be  asked  if  these  differences  are  quite 
positive.  We  do  not  think,  however,  that  doubt  can  be  cast 
on  them,  since  we  have  two  simultaneous  series  concordant 
among  themselves,  with  the  compression  tests  and  with  the  gen- 
eral law  which  assigns  the  minimum  hardness  to  cleavage-faces. 

The  conclusions  are  that  the  mechanical  properties  of  a-iron 
vary  with  the  crystallographic  orientation. 

y-Iron. — For  this  purpose  Mr.  Hadfield's  manganese  steel 
was  used.  The  grains  were  sufficiently  large  to  permit  of  test 
being  made  with  the  ball. 

"  Thesis,  Upsala,  1904. 
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On  face  p{0()l)  the  impressions  are  not  circular:  the  diame- 
ters parallel  to  the  diagonals  are  about  10  per  cent,  longer  than 
the  diameters  parallel  to  the  sides,  by  reason  of  swelling  in  the 
direction  of  the  former.     Means  were  taken. 

On  faces  b^  and  a^  the  impressions  are  circular. 

Under  a  charge  of  200  kg.,  applied  during  2  min.  with  a 
ball  5  mm.  in  diameter,  the  results  were  : 


p(OOl). 

b\on). 

aHlll). 

Number  of  impressions 

3 

4 

1.145 

1.030 

194 

2 

Diameter  (D)  in  milliaieters 

1.147 

1  150 

ttD"  :  4  in  square  millimeters 

1.033 
193 

1  039 

Hardness  (H) 

192 

These  numbers  indicate  a  very  moderate  maximum  of  hard- 
ness on  face  6^(011),  but  the  differences  between  difterent  faces 
are  less  than  those  observed  between  two  adjacent  impres- 
sions on  the  same  face.  ;'-iron  is  hence  practically  isotropic 
as  far  as  the  mechanical  properties  are  concerned. 

5.   Corrosion  Figures. 

The  corrosion  figures  of  a-iron  on  face  ^^(001)  have  been  de- 
scribed by  Mr.  Stead  and  Mr.  Heyn.  It  is  known  that  these 
are  squares  parallel  to  the  edges  of  the  cube  face.  We  have 
given  above  a  photograph  (Fig.  27).  On  /3-iron  we  have  ob- 
tained corrosion  or  growth  figures  spontaneously  in  our  pre- 
vious tests  on  the  crystallization  of  iron ;  they  are  the  same  as 
for  a-iron. 

On  j'-iron,  still  working  on  face  ^(001).  the  lines  of  corrosion 
are  again  parallel  to  the  sides  of  the  square,  only  they  are 
neither  so  continuous  nor  so  soft  as  on  a-iron.  As  reagent,  the 
double  chloride  of  copper  and  ammonium,  or  10  per  cent, 
nitric  acid,  can  be  used  for  the  manganese  steel,  while  for 
nickel-chromium  steel,  iron  perchloride,  acidified  with  hydro- 
chloric acid,  is  preferable  :  the  etching  is  irregular,  and,  even 
after  deformation,  followed  by  annealing  at  1,300°,  shows 
the  primary  crystals  very  clearly.     It  is  well  to  polish  it  lightly 


852 


THE    CRYSTALLOGRAPHY    OF    IRON. 


again.  The  appearance  Fig.  31  is  then  obtained,  which  cor- 
responds to  a  magnification  of  about  200  diameters.  The  draw- 
ing shows  a  face  j)(001)  and  an  adjacent  face  6^(011),  with  a 
twinned  lamella. 


p(oo\) 


b'ioii) 
Fig.  31.— Iron  Corrosion  Figltres. 

To  put  it  briefly,  corrosion  figures,  up  to  the  present,  have 
not  furnished  useful  distinctive  characters. 

6.  Synchronous  Crystallization  Figures. 
We  heated  to  redness  a  cr5'8tal  of  iron  having  a  cube  face 
polished  in  a  nickel  crucible,  beneath  a  layer  of  magnesia  cal- 


FiG.  32. — Crystallization  Figures. 


cined  at  a  high  temperature,  which  in  its  turn  was  covered  with 
a  layer  of  cast-iron  shavings.  The  polished  face  oxidized  natu- 
rally, and  displayed  square  figures  strongly  resembling  corro- 
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sion  figures  (Fig.  32 ;  400  diameters),  the  sides  of  the  photo- 
micrograph being  parallel  to  the  edges  ot  the  cube  face.  It 
seems  that  the  oxidation  has  been  regulated  by  the  structure  of 


Fig.  33. — Boric  Acid  Markings 


Fig.  34. — Boric  Acid  Markings. 


the   metal.     We   have  tried  to  repeat  the  experiment  under 
known  conditions  of  temperature,  but  without  success. 

In  another  test,  we  introduced  a  crystal  of  iron,  again  having 
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a  polished  cube  face,  into  a  batli  of  molten  boric  acid,  at  about 
800°  C,  the  temperature  being  gauged  by  the  eye.  Needles 
of  boric  acid  congealed  at  first  on  the  polished  surface,  and 
preserved  it  provisionally  from  attack  in  such  a  way  that  the 
silhouette  of  the  needles  was  imprinted  on  the  iron  (Fig.  33 ; 
200  diameters).  The  interesting  point  is  that  the  needles  of 
boric  acid,  instead  of  arrano-inc;  themselves  on  their  own  ac- 
count  in  their  natural  order,  as  in  Fig.  33,  may  follow  the  di- 
rection of  the  system  of  the  iron ;  the  appearance  Fig.  34 
(400  diameters)  is  then  obtained,  of  which  the  sides  are  parallel 
to  the  edges  of  the  cube  face.  In  this  figure  some  directions  par- 
allel to  these  edges  may  be  seen,  and  others  which  seem  to  be 
parallel  to  the  directions  of  i*[eumann's  lines.  These  directions 
are  really  somewhat  uncertain,  because  the  needles  of  boric 
acid  form  fan-shaped  groups,  and,  what  is  more,  the  experiment 
does  not  always  take  place  in  the  way  desired.  Researches  in 
this  direction  might,  perhaps,  merit  resumption  and  following  up. 

7.  Segregation  Figures. 

Crude  cast  manganese  steel  in  the  vicinity  of  the  pipe  pre- 
sents details  of  structure  that  demand  studying  on  their  own 
account.  Little  hard  nuclei  are  encountered,  to  which  other 
constituents  are  attached,  and  notably  lamellse  of  cementite, 
crystallographically  oriented. 

On  a  cube  face  the  nuclei  occupy  the  summits  of  a  square 
system.  Fig.  35  shows  the  result  of  simple  polishing  at  65 
diameters.  The  lamellae  which  start  from  the  nuclei,  and 
others  which  are  isolated  in  the  metal,  are  parallel  either  to 
the  edges  of  the  cube  face  or  to  its  diagonals,  or  to  the  lines 
which  join  the  summits  to  the  centers  of  the  opposed  edges. 
These  lamellae  are  too  small  to  permit  of  their  being  followed 
on  two  adjacent  cube  faces:  hence  it  is  impossible,  at  least 
with  the  sample  at  our  disposal,  to  determine  exactly  all  the 
planes  of  segregation.  Only  it  ma}^  be  remarked  that  the  lam- 
ellae are  of  two  kinds,  and  of  decidedly  diflierent  scales  of  mag- 
nitude, and  that  the  larger  ones  are  those  which  follow  the  diago- 
nals of  the  square.  It  is  concluded  from  this  that  the  principal 
planes  of  segregation  of  ■/'-iron  are  again  the  planes  «'(111);  but 
that  secondary  planes  also  may  exist  /^(OOl),  ^'(Oll),  6^(012), 
a"^(112),  or  a2(122),  among  which  we  should  not  know  now  which 
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to  choose.  It  is  the  lamen?e  of  cementite  which  contribute  the 
relative  brittleness  to  crude  cast  manganese  steel,  and  cause  it 
to  break.  The  fracture  then  shows  brilliant  little  facets  dis- 
posed in  cups ;  these  are  really  the  lamellie.     The  quenching 
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Fig.  35. — Segregation  Figures  in  Manganese  Steel. 

keeps  the  cementite  in  solid  solution,  and  so  communicates  all 
the  characters  which  distinguish  the  metal.  In  the  same  way, 
if  hypereutectoid  carbon  steels  are  cooled  from  about  1,100° 
quickly  enough,  without  actual  hardening,  the  cementite  is 
distributed  in  the  planes  of  segregation  of  j'-iron. 
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Fig.  36. — Intersections  of  Cubes. 


Rose  established  that,  in  the  cubic  meteoric  irons  of  Braunau 
and  Seelasgen,  the  rhabdite,  (Fe,  Isri)3  P,  is  oriented  in  accord- 
ance with  the  three  cube  faces.  Tschermak  confirms  this  fact, 
and   adds   another  possible   plane   of  segregation    parallel  to 
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Kenmanii's  lamellae — that  is  to  say  a\112).  According  to 
Kunz  and  Weinschenk,  the  rhabdite  in  the  Floyd  Mountain 
meteorite  is  parallel  to  Neumann's  lamellfe.  (All  these  notes 
relating  to  meteorites  are  borrowed  from  the  frequently  cited 
book  of  Cohen.) 

Inasmuch  as  phosphorus  tends  to  the  elimination  of  point 
AS,  it  is  possible  that  the  planes  of  segregation  p(OOl)  and 
a\112)  of  rhabdite  characterize  either  (3-  or  «-iron.  Systematic 
experiments  on  the  crystallographic  segregation  of  phosphorus, 
at  known  temperatures  and  on  samples  of  known  composition, 
would  therefore  probably  be  interesting.  Mr.  Stead,  who  has 
made  such  brilliant  studies  of  the  relations  between  iron  and 
phosphorus,  would  be  better  fitted  than  any  one  else  to  conduct 
them  successfully. 

III.   Summary. 

The  results  of  this  research  are  set  forth  in  the  following 
table : 


a 

/8 

y 

Planes  of  translation 

JaHlU) 
\  difficult 
dominant 
a>(lll) 
a'(112) 
r    none 
\ known 
aHUl) 
p(OOl) 

/    none 

ra'(iii) 

Folds 

\  known           (    easy 

Mechanical  1  planes  of  twinning 

/    none  ) 

\  known  J 

none   \ 

known  J 

p{601) 

ai(ni) 

aHlll) 
a'(lll) 
ai(lll) 

twinning   )  planes  of  junction 

Twinning  by  "^planes  of  twinning 

annealing    )  planes  of  junction 

Face  of  maximum  hardness 

Planes  of  easiest  etching 

6^011)? 
p{00l) 

It  is  very  difficult  to  interpret  these  results.  Two  courses 
suggest  themselves. 

Firstly,  it  may  be  supposed,  with  some  probability,  that  the 
planes  of  translation,  of  twinning,  of  cleavage,  and  of  segrega- 
tion, are  planes  of  the  greatest  reticular  density,  something 
like  the  walls  and  floors  of  a  house.  Moreover,  it  is  known 
that  there  are  three  varieties  of  the  cubic  system :  the  simple 
cube,  which  has  intersections  only  at  its  summits ;  the  centered 
cube,  w^iich  has  another  intersection  at  its  center;  and  the 
cube  with  centered  faces,  with  an  intersection  at  the  center  of 
each  of  its  faces.  (These  three  cubes  are  represented  by  Fig. 
36,  projected  on  one  of  their  diametrical  planes  ;  the  little  cir- 
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cles  indicate  the  intersections.)  In  the  simple  cube  the  plane 
of  the  greatest  reticular  density  is  the  plane  ^(001),  and  among 
the  truncations  on  the  angles,  the  plane  «'(111).  In  the  cen- 
tered cube  the  number  of  intersections  is  doubled  on  6^(011)  and 
«^(112),  and  is  not  modified  on  p(OOl)  and  a^(lll),  so  that  the 
reticular  density  becomes  greater  on  b^  than  on  p,  greater  on 
a-  than  on  rt\  In  the  cube  with  centered  faces  the  number  of 
intersections  is  doubled  on  p  and  b\  quadrupled  on  a^,  which 
becomes  the  plane  of  greatest  reticular  density.  If  it  is  now 
observed  that  jj  is  a  plane  of  perfect  cleavage  and  minimum 
hardness  for  a-iron,  and  that  «'  plays  the  part,  by  far  the  most 
prominent  part,  in  the  crystallography  of  jMron,  one  is  led  to 
think  that  if  the  mesh  of  «-iron  is  a  simple  cube,  and  that  of 
^--iron  a  cube  with  centered  faces,  then  that  of  /s-iron  would  be 
a  centered  cube.  As,  on  the  other  hand,  the  number  of  inter- 
sections is  equal  to  that  of  the  cube  meshes  for  the  simple 
cube,  double  for  the  centered  cube,  and  quadruple  for  the  cube 
with  centered  faces,  each  allotropic  transformation  of  iron  will 
be  characterized  by  a  division  into  halves  of  the  molecular 
polyhedron  with  rising  temperature.  This  is  a  very  simple 
view. 

However,  the  plane  a^(112)  has  a  greater  reticular  density 
than  ai(lll)  in  the  centered  cube,  and  not  in  the  simple  cube, 
hence  the  Neumann  lamellse,  which  demand  a-(112)  as  plane 
of  translation,  could  not  be  attributed  to  «-iron.  And  one  is  led 
to  attribute  them  to  i^-iron,  which  should  be  formed  temporarily 
under  the  influence  of  shock.  This  is  no  unreasonable  suppo- 
sition, and  may  also  be  arrived  at  by  other  considerations, 
notably  by  the  experiments  of  Curie  and  of  Morris  on  the  laws 
of  the  appearance  and  disappearance  of  magnetism.-^ 

Secondly,  Mr.  Wallerant  considers  the  mechanical  twinning 
as  a  proof  of  merosymmetry.-*  That  is  another  course  to 
follow. 

Really  these  attempts  at  interpretation  are  probably  prema- 
ture in  the  present  state  of  the  crystallography,  but  they  can 
be  used  as  working  hypotheses.  The  only  positive  conclusion 
that  we  can  draw  from  these  researches  is,  that  the  three  allo- 
tropic varieties  of  iron,  although  they  all  crystallize  in  the 

"  Metallographisi,  vol.  ii.,  pp.  169  to  186  (1899). 

**  Bulletin  de  la  Societe  frangaise  de  Miner alogie,  July,  1904. 
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cubic  system,  present  well-marked  speciiic  characters,  and  can- 
not have  the  same  internal  structure. 

IV.  Appendix. 

Nickel. — Pressure-figures  were  made  at  a  temperature  above 
the  disappearance  of  magnetism,  on  a  polished  surface  of  a 
sample  of  nickel,  containing  a  little  iron  and  manganese,  and 
previously  cold-deformed  and  annealed  at  a  white-heat.  These 
indentions  may  be  made  in  the  open  air,  nickel  being  much  less 
prone  to  oxidation  than  iron.  Around  each  point  of  impact, 
lines  of  translation — that  is  to  say,  straight  ones — were  obtained. 


\\}y 


Fig.  37. — PRESsuRE-FiGUiiES  on  Kickel. 

Then,  under  the  microscope,  a  new  indention  was  made  in  the 
cold  alongside  each  of  the  indentions  made  at  the  high  tempera- 
ture upon  any  grain  with  sufficient  surface.  In  every  case,  the 
lines  produced  in  the  cold  are  also  straight,  and  just  like  those 
produced  on  the  same  grain  while  hot.  «-nickel  and  /3-nickel 
have  the  same  plane  of  translation,. a^(lll),  v/hich  is  also  plane 
of  twinning  by  annealing  for  i3-nickel.  It  is  true,  as  Professor 
Le  Chatelier  has  said,  that  /3-nickel  corresponds  to  j--irou  ; 
a-nickel  corresponds  to  «-iron,  with  this  difference,  that  it  does 
not  give  curved  lines  of  deformation. 

We  have  also  made  deformation  figures  on  the  iron-nickel 
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alloj  called  "  invar,"  of  which  the  coefficient  of  dilatation  is 
almost  nil  at  the  ordinary  temperature,  and  which  is  in  conse- 
quence in  course  of  transformation  at  this  temperature.  It 
might  be  asked  if  this  circumstance  would  not  have  some  in- 
fluence  on  the  deformation  lines.  It  has  not  any.  Fig.  37 
represents  a  section  ot  this  metal  after  slight  deformation  and 
previous  polishing  at  200  diameters.  This  section  shows 
beautiful  lines  of  translation.  The  twins  seen  were  pre-exist- 
ing.    The  deformation  has  only  put  them  in  evidence. 


Improvements  in  Rolling  Iron  and  Steel. 

BY  JAMES  E.  YORK,  NEW  YORK,  N-  Y. 

(London  Meeting,  July,  1906.) 

The  honor  so  fairly  earned  and  so  incompletely  and  tardily 
paid  to  Henry  Cort,  the  inventor  of  the  puddling-furnace  and 
the  rolling-mill,  has  been  fully  set  forth  by  Mr.  Charles  H. 
Morgan,^  and  needs  no  further  emphasis  here. 

In  view  of  the  importance  of  the  rolling-mill  in  the  treat- 
ment of  iron  and  steel,  the  paucity  of  information  concerning 
it  is  surprising.  With  the  exception  of  a  book,  written  about 
35  years  ago,  by  Peter  Hitter  von  Tunner,  an  Honorary  Member 
of  this  Institute,  and  of  desultory  articles  on  simple  sections, 
which  have  appeared  in  technical  journals,  I  know  of  no  pub- 
lication attempting  to  treat  this  subject,  although  volumes 
have  been  written  on  the  scientific  theory  and  technical  ma- 
nipulations involved  in  other  branches  of  the  iron-  and  steel- 
industry.  This  strange  anomaly  may  be  due  to  the  fact  that 
roll-turning  cannot  be  called  a  scientific  business.  It  does  not 
ordinarily  come  within  the  range  of  an  educated  engineer ;  yet 
it  cannot  be  performed  by  an  ordinary  mechanic.  It  demands 
some  of  the  qualifications  of  an  engineer,  in  designing,  and 
those  of  a  mechanic,  in  execution.  The  men  who  have  fol- 
lowed this  trade  have  controlled  the  training  of  their  succes- 
sors.'    In   many  cases  the  technical  knowledge  required   has 

1  The  Case  of  Henry  Cort,  Trans.,  xxxv.,  893  to  902  (1905). 
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been  handed  down  from  father  to  son,  and  there  has  been  a 
motive  of  private  interest  to  prevent  its  public  dissemination. 
Moreover,  the  statement  of  the  various  principles  involved  in 
the  process  would  require,  besides  manual  experience,  a  degree 
of  scientific  knowledge  which  roll-turners  do  not  usually  pos- 
sess ;  and,  finally,  any  book  on  the  subject,  in  order  to  be  of 
real,  practical  value,  would  have  to  be  so  fully  illustrated  as  to 
make  it  very  costly  to  publish. 

Regarding  my  own  experience,  I  may  say  that  I  served  a  six- 
year  apprenticeship  at  the  trade  of  roll-turning  at  Wednesbury, 
South  StatFordshire,  England,  and,  later,  accepted  a  position  as 
head  roll-turner,  believino;  that  I  fullv  understood  the  technical 
points  of  the  business;  but,  after  a  short  time,  I  realized  that, 
if  there  were  any  theories  governing  the  practice,  I  still  had 
to  acquire  them. 

Forty  years  ago,  the  bulk  of  the  metal  rolled  was  iron.  Roll- 
ing iron  was  in  some  regards  simpler,  and  in  other  regards 
more  difiicult,  than  rolling  steel.  Iron  was  adapted  to  quicker 
reduction,  being  softer,  and  capable  of  sustaining  greater  heat 
without  injury.  It  was  inherently  weaker  than  steel  at  a  roll- 
ing-temperature, even  when  properly  heated ;  but  piles  could 
be  made,  conforming  to  the  finished  section,  which  was  a  great 
advantage  in  making  flange-sections. 

In  the  early  stages  of  this  business,  the  market  called  for 
simple  forms  only,  such  as  flats,  rounds  and  squares ;  but  with 
the  advent  of  railroads,  and  other  commercial  demands,  it  be- 
came necessary  to  roll  more  complex  sections,  such  as  rails, 
beams,  channels  and  tees,  which  added  very  materially  to  the 
diflSculties  in  the  art  of  roll-designing.  These  difiiculties  I  will 
attempt  to  explain. 

Fig.  1  illustrates  the  rolling  of  a  flat  6  in.  wide  and  0.5  in. 
thick.  This  was  undoubtedly  the  first  rolling  ever  done  in 
grooved  rolls,  and  represents  the  simplest  section  that  we  have 
to  make,  and  the  only  shape,  rolled  in  closed  grooves,  to  which 
the  principle  of  uniform  flow  of  metal  from  rolling-contact  can 
be  applied. 

It  is  recognized  by  all  experts  that  metal  flows  under  pres- 
sure in  the  direction  of  least  resistance,  which,  in  rolling,  is  at 
right  angles  to  the  journal  of  the  roll,  or  lengthwise  of  the  bar. 
The  result  is  to   make  the  bar  stronger  longitudinally  than 
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transversely ;  and  this  is  true  of  every  bar  (except  rounds  and 
squares),  either  of  iron  or  steel,  rolled  in  grooved  rolls.  In 
some  cases,  the  difference  amounts  to  from  10  to  15  per  cent, 
of  the  strength. 

The  most  important  physical  efiects  are  produced  on  the 
metal  during  the  last  stages  of  rolling.  As  the  temperature 
decreases  and  the  section  becomes  thinner,  greater  resistance 
is  offered  to  reduction,  and  there  is,  consequently,  a  greater 
"  fining  "  of  the  grain  in  steel  or  the  fiber  in  iron.  It  is  well 
known  that  in  large  ingots  there  is  scarcely  any  "fining"  of 
the  grain  by  rolling,  and  that  this  eft'ect  is  reached  only  when 
comparatively  small  dimensions  have  been  attained.  (Of 
course,  the  result  is  influenced  also  by  overheating,  and  by 
the  chemical  composition  of  the  metal.) 

The  only  important  modern  change  in  the  process  of  rolling 
is  the  addition  of  a  third  roll,  which  doubles  the  capacity  of  the 
mill,  and  constitutes  the  "three-high  system." 

The  billet  or  ingot,  from  w^hich  any  flanged  section  is  rolled 
in  an  ordinary  mill,  must  have  dimensions  practically  equaling 
or  exceeding  the  extreme  dimensions  of  the  section  to  be  pro- 
duced, although  the  actual  area  of  metal  in  this  section  will  be 
much  smaller  than  that  of  the  original  mass.  Moreover,  the 
first  shaping-groove  must  be  wider  than  the  mass,  in  order  that 
the  latter  may  enter  it.  It  follows  that  the  reduction  of  the 
metal  by  rolling-pressure  is  wholly  in  one  direction ;  and  this 
result  is  inseparable  from  the  conditions  presented  by  ordinary 
mills. 

Fig.  2  shows  how  we  rolled,  "  two-high,"  an  ordinary  6-in. 
beam.  Modern  mills  are  "three-high  ;"  but  the  same  principle 
governs.  This  is  one  of  the  easiest  flange-sections  we  have  to 
roll,  because  it  has  an  equal  amount  of  metal  on  each  side  of 
the  pitch-line,  or  center  of  the  mill,  and  the  flanges  are  of  equal 
dimensions. 

The  difiiculty  encountered  in  rolling  a  section  like  this  (and 
found  to  be  still  greater  in  sections  of  unsymmetrical  form)  is 
involved  in  the  displacement  of  the  metal  from  a  square  or  flat 
billet,  to  form  a  web.  This  displaced  metal  runs  to  length ; 
and  since  there  is  no  commensurate  reduction  of  the  flange- 
parts  of  the  section,  the  metal  of  those  parts  is  liable  to  crack, 
because  it  is  not  rolled,  but  stretched.     After  the  blank  in  the 
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first  pass  has  been  filled  out,  a  more  uniform  reduction  of  the 
various  parts  can  be  provided  for.  The  finished  section  shown 
in  Fig.  2  has  a  flange  3.33  in.  wide,  with  a  web  about  0.23  in. 
wide — the  latter  having  received  a  transverse  reduction  about 
twelve  times  that  of  the  cross-section  of  the  flanges. 

The  rolling  of  flange-bars  involves  the  thinning  of  the  flange 
sideways  by  forcing  into  the  groove,  metal  much  thicker  than 
the  recess  provided.  This  is  rather  a  wedging  and  drawing 
than  a  rolling  action ;  and  all  such  flanges  are  tapered,  to  per- 
mit their  exit  from  the  rolls.  At  the  ends  of  finished  bars  of 
this  character  considerable  waste  is  created  by  the  different 
roll-dimensions,  which  prevent  uniform  surface-speed  of  the 
metal  during  the  operation. 

Another  objection  to  this  method  of  making  flange-bars  is, 
that  it  is  impossible  to  distribute  the  metal  in  scientific  propor- 
tions. In  most  of  the  beams  rolled  to-day  by  the  prevailing 
method,  the  web  is  thicker  by  at  least  20  per  cent,  than  it  need 
be,  to  harmonize  with  the  other  dimensions  of  the  bar.  The 
reason  (if  we  take  Fig.  2  as  an  instance)  is,  that  the  part  of  the 
roll  which  forms  the  web  is  3  in.  greater  in  diameter  than  the 
part  which  comes  into  contact  with  the  widest  part  of  the 
flange,  and  has  at  least  9  in.  per  revolution  greater  surface- 
travel  than  the  part  in  contact  with  the  end  of  the  flange.  The 
flange  must,  therefore,  either  slip  or  stretch,  to  accommodate 
itself  to  the  larger  diameter.  This  causes  the  web  to  buckle, 
or  corrugate,  when  rolled  down  to  the  proper  thickness.  These 
difficulties  are  greatly  increased  in  rolling  wider-flanged  sec- 
tions, whether  large  or  small  in  other  dimensions.  In  fact,  it 
is  almost  impossible  to  produce,  in  an  ordinary  rolling-mill,  any 
shape  with  a  flange  equal  in  width  to  the  total  height  of  the 
section.  The  effect  of  the  difference  in  surface-speed  of  roll- 
ing on  various  parts  of  rails,  beams  and  other  flange-sections, 
is,  in  my  opinion,  the  cause  of  a  large  number  of  otherwise 
unaccountable  fractures  in  service,  due,  probably,  to  perma- 
nent internal  stresses  rolled  into  the  bar. 

While  eno-ag-ed  in  the  manufacture  of  iron  beams  about  30 
years  ago,  it  was  suggested  that,  if  beams  could  be  rolled  with 
wider  flanges,  greater  height  and  thinner  webs,  at  least  20  per 
cent,  greater  carrying-strength  could  be  secured  for  a  given 
weight.  This  led  my  brother  and  myself  to  design  and  build 
VOL.  XXXVII. — 53 


864 


IMPROVEMENTS    IN    ROLLING    IRON    AND    STEEL. 


what  is  now  known  as  the  York  universal  mill,  for  rolling 
sections  with  wide  flanges  and  thin  webs,  or  the  usual  sections 
when  desired. 


Fig.  3. — York  Universal,  Mill,  Showing  the  Method  of  Kolling  an 
18-In.  Beam  with  6-In.  Flanges. 

The  front  elevation  and  plan  of  this  mill,  which  is  a  radical 
departure  from  the  process  of  rolling  illustrated  in  Figs.  1  and 
2,  are  shown  in  Figs.  3  and  4. 


Fig.  4. — York  Universal  Mill. 


The  advantages  of  this  mill  are : 

1.  It  dispenses  with  grooves  entirely  and  gets  uniform  sec- 
tions without  this  provision. 
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2.  It  eliminates  the  wasteful  and  clifSeiilt  method  of  displac- 
ing metal  to  form  a  web  which  is  out  of  all  proportion  to  the 
other  parts  of  the  section. 

3.  ISTo  technical  knowledge  is  required  to  design  the  rolls. 

4.  The  operation  is  exceedingly  simple,  and  the  same  rolls 
can  produce  a  properly  proportioned  section  weighing  50  or 
150  lb.  per  foot. 

5.  By  the  old  methods  the  web  increases  in  the  same  propor- 
tion as  the  width  of  flanges,  which  is  a  great  waste  of  metal. 

6.  This  mill  is  adapted  to  roll  either  scrap  or  new  steel  to 
sections  at  least  50  per  cent,  less  in  weight  per  linear  foot  than 
the  common  forms. 

7.  The  beam  produced  by  this  mill  has  the  same  tensile 
strength  transversely  (where  it  is  required)  as  in  the  longitudi- 
nal direction. 

8.  The  rolls  can  be  adjusted  either  at  the  commencement  or 
during  the  operation,  in  order  to  have  the  web  thinner  and  the 
flanges  thicker,  or  the  reverse. 

9.  This  mill  can  roll  a  bar  having  one  flange  thicker  than 
the  other,  since  the  dimensions  of  the  flanges  can  be  modified 
to  suit  requirements. 

This  mill  consists  of  a  pair  of  horizontal  rolls  positively 
driven,  and  a  pair  of  vertical  rolls  run  by  the  friction  of  con- 
tact against  the  bar.  A  line  through  the  axis  of  these  vertical 
rolls  would  intersect  the  center  of  the  horizontal  rolls. 

The  horizontal  rolls  work  upon  the  sides  of  the  web  and 
shape  the  inner  contour  of  the  beam,  while  the  vertical  rolls 
shape  the  outer  flange-surfaces.  Both  horizontal  and  vertical 
rolls  are  connected  by  a  screw-device,  so  that  the  movement  in 
all  the  rolls  shall  be  simultaneous ;  an  arrangement  which  se- 
cures the  proper  relative  reduction  of  the  flanges  and  the  web. 

Fig.  3  represents  the  rolling  of  an  18-in.  beam  with  6-in. 
flanges.  The  slab,  or  ingot,  for  making  this  section  is  29.5  in. 
wide  and  6.25  in.  thick.  These  dimensions  give  a  reduction  on 
each  flange  of  5|  in.  sidewise  and  a  reduction  on  the  web  of 
5f  in.  at  the  same  time,  which  produces  a  beam  18  in.  by  f  in., 
having  the  usual  taper  to  the  flanges. 

The  rolls  used  in  this  mill  weigh  only  one-quarter  as  much 
as  those  ordinarily  used,  and  the  power  required  is  much 
less  than  that  of  the  ordinary  mill,  for  the  reason  that  it  is 
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a   rolling-process,  both  horizontal  and  vertical,  instead  of  a 
partly  wedging  and  stretching  action,  as  shown  in  Fig.  2, 

The  mill  is  adapted,  without  changing  rolls,  to  make  any 
reasonable  weight  of  beam,  having  wide  or  narrow  flanges  up 
to  the  width  of  the  face  of  the  vertical  rolls.  It  also  rolls  tees 
of  different  dimensions  having  any  length  of  leg  or  flange  in 
the  beam-rolls,  the  vertical  rolls  forming  the  flange.  A  beam- 
section  cut  longitudinally  through  the  web  forms  two  tees  of 
half  the  height  of  the  beam ;  hence  a  tee  can  be  rolled  on 
either  side  of  the  mill.  Tee-sections,  about  the  most  difficult 
to  roll  in  an  ordinary  mill,  are  very  easily  made  by  my  process. 

It  was  my  intention,  when  building  this  mill  on  a  commercial 
scale,  to  have  a  blooming-mill  in  which  to  roll  an  ingot  down 
to  about  3  in.  thick  in  the  web  and  a  proportional  thickness  in 
the  flanges;  but,  for  unavoidable  reasons,  it  became  necessary 
to  use  the  tinishing-mill  to  do  the  entire  reduction  from  the 
ingot,  or  slab,  to  the  finished  section.  This  action  produced 
a  slight  defect  in  the  finished  product,  the  bars  not  being  ex- 
actly parallel  in  the  width  of  the  flanges  throughout  the  entire 
length.  In  order  to  overcome  this  difficulty,  I  proposed  to  use 
a  pair  of  supplementary  rolls  to  work  on  the  edges  of  the 
flanges,  these  rolls  to  be  placed  in  line  of  the  main  rolls,  and  to 
be  run  at  the  same  surface-speed  of  delivery  as  the  rolls  in  the 
mill  proper.  These  changes  have  since  been  installed,  and 
beams  of  perfect  section  are  now  rolled. 

Our  experience  with  this  process  in  rolling  beams,  having  the 
width  of  the  two  flanges  greater  than  the  height  of  the  web, 
showed  that  it  was  necessary  to  feed-in  the  side-rolls  faster  than 
the  horizontal;  otherwise,  in  rolling  light  webs  with  wide 
flanges,  there  would  be  a  buckling-action  in  the  web,  caused 
by  the  greater  roll-surface  contact  on  both  sides  of  the  flange. 
The  mass  being,  of  course,  stiffer  in  the  direction  of  the  cross- 
section,  the  web  was  then  held  back  to  the  average  speed  of  the 
flanges,  which  caused  it  to  corrugate. 

The  advantage  of  a  light-web  beam  is  illustrated  as  fol- 
lows :  The  18-  by  f-in.  beam,  Fig.  3,  weighs  42  lb.  per  ft.,  and 
the  nearest  comparable  size  of  the  ordinary  beam  is  15  by  0.41 
in.,  which  also  weighs  42  lb.  per  foot.  The  ordinary  beam,  how- 
ever, has  a  load-carrying  capacity  of  18  per  cent,  less  than  the 
lio;ht-web  beam,  a  difference  which  is  larger  in  most  of  our 
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sections,  especially  those  made  to  take  the  place  of  built-up 
plate-  and  angle-girders,  having  a  much  greater  weight  per 


foot.     In  addition  to  the  gain  in  strength,  the  cost  of  building- 
up  is  reduced ;  this  cost,  in  some  cases,  exceeds  40  per  cent,  of 
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the  cost  of  our  rolled  beams.  Sections  having  wide  flanges 
which  equal  the  height  of  the  section  (or  nearly  so),  are  in- 
tended to  take  the  place  of  "  Z  "  bars  and  other  columns.  In 
this  case,  also,  there  is  a  great  saving  in  weight  and  cost. 

This  mill  has  also  been  adapted  to  re-roll  rails  of  various 
types  for  further  service  in  the  track,  as  shown  in  Figs.  5  and 
6.  It  is  admirable  for  this  purpose  from  the  fact  that  the  rolls 
can  be  chilled,  thus  permitting  the  proper  finishing-temperature 
required  to  secure  the  best  physical  results.  This  mill  can, 
also,  upset  metal  from  the  web  into  the  head  and  leave  the 


Fig.  6. 


-Showing  the  Method  of  Re-Rolling  a  Girdeb-Rail  by 
Universal  Mill. 


flange  the  same  width,  and  it  can  re-roll  any  flange-bar  or  other 
sections  in  a  longitudinal  direction. 

Some  years  ago  I  took  up  the  problem  of  making  a  steel  tie, 
or  sleeper,  that  would  meet  all  railroad-requirements  and,  at  the 
same  time,  be  able  to  compete  in  cost  with  the  wooden  ties  now 
in  general  use.  To  meet  these  conditions  it  was  necessary  to 
use  worn  scrap-rails  for  the  raw  material,  since  it  must  be  ob- 
tainable at  a  low  price  and  in  large  quantities. 

First,  I  designed  sections  for  a  steel  tie,  which  railroad  en- 
gineers said  were  ideal,  provided  it  could  be  rolled.  Then  I 
designed  a  mill,  shown  in  Figs.  7  and  8,  to  change  the  di- 
mensions of  a  rail  without  lengthening  it  in  the  rolling.  This 
mill  can  be  driven  like  an  ordinary  two-high  plate-mill,  or 
by  disconnecting  the  top  roll  from  the  power,  it  may  be  run 
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by  frictional  contact  with  the  bar.     The  latter  plan  I  consider 
to  be  the   simplest  and  the  best,  for  the   reason  that  access 


Fig.  7. — York  Transverse  Mill. 


to  the  mill  can  be  had  in  all  directions,  by  having  a  hy- 
draulic motor  connected  with  a  rack  in  a  pinion  on  the  bottom 
roll.    Both  plans  have  given  good  results.    The  simplest  method 
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of  all  is  to  connect  a  hydraulic  motor  between  two  mills,  rolling 
in  both  directions,  which  naturally  increases  the  output. 

By  all  other  methods  the  greatest  difficulty  in  longitudinal 
rolling  is  to  produce  sections  having  wide  flanges ;  but  in  my 
mill  this  kind  of  rolling  is  verj'  simple.  One  part  of  the  bar 
is  rolled  without  disturbino-  the  other  dimensions.     Rails  that 


Fig.  8. — York  Transverse  Mill. 

have  been  used  on  curves  and  have  lost  one-third  of  the  metal 
on  one  side  of  the  head,  can  be  rolled  to  form  a  section  having 
the  metal  symmetrically  distributed  on  both  sides  of  the  web, 
by  using  a  rolling  and  bending  action  simultaneously  in  the 
mill,  as  is  illustrated  in  Fig.  9. 

In  rolling  steel  rails  by  the  ordinary  process,  the  web  and 
bottom  flange  receive  the  most  physical  work  in  the  mill,  and 


IMPROVEMENTS  IX  ROLLING  IRON  AND  STEEL.       871 

are  finished  mucli  colder  than  the  coraparativelj  large  mass  of 
metal  in  the  head.  The  head,  therefore,  is  the  Aveakest  part  of 
the  rail.  In  re-rolling  an  old  rail  by  my  process,  the  head  re- 
ceives the  greatest  amount  of  physical  work,  and  the  finishing- 
passes  can  be  made  at  a  low  heat,  if  desired,  thus  greatly  im- 
proving the  quality  of  the  metal. 

The  capacity  of  the  mill,  in  tonnage,  would  be  regulated  by 
the  number  of  bars  rolled  at  one  operation.  There  is  no  diffi- 
culty in  rolling  at  least  six  bars  at  a  time,  which  gives  a  safe 
estimate  of  from  150  to  200  tons  per  day,  of  rails  weighing 
from  60  to  75  lb.  per  yard. 

During  the  rolling  of  any  section  in  this  mill,  the  flanges  can 
be  made  thick  or  thin  without  any  change  of  rolls. 

This  mill  is  confined  to  the  transverse  rolling  of  lengths  not 
exceeding,  say,  10  ft.  If  greater  length  is  desired,  a  bloom 
(either  of  scrap  rail  or  new  steel)  is  rolled  to  proportionate  di- 


FiG.  9. — Showing  the  Results  of  Transverse  Rolling. 

mensions  of  cross-section,  and  then  rolled  to  length  in  our  uni- 
versal mill. 

Fig.  10  illustrates  the  mill  rolling  tees,  tie-plates,  column- 
blanks  and  double-headed  rails.  Fig.  11  shows  the  head  of  a 
worn  95-lb.  girder-rail,  having  a  part  of  the  web  attached, 
which  is  rolled  to  a  width  of  20  by  |  in.  Fig.  12  shows  a 
T-rail  section  with  the  head  rolled  five  times  wider  than  its 
original  dimensions.  Fig.  13  shows  a  worn  70-lb.  T-rail  rolled 
down  to  a  plain  tie-section  without  changing  the  web  or  flange 
of  the  original  rail.  Fig.  14  shows  the  same  weight  rail  rolled 
with  a  curved  base  to  give  elasticity  to  the  tie  under  moving 
load.  Fig.  15  shows  the  section  with  a  curved  seat  for  the 
rail,  so  as  to  insure  the  elasticity  of  the  tie  if  the  ballast  in  con- 
tact with  the  curved  base  should  interfere  with  the  elasticity  of 
the  lower  flange.  Fig.  16  shows  a  beam  with  flanges  9  in. 
wide  and  3.25  in.  in  height  of  section,  rolled  from  a  70-lb.  rail. 


r^ 


IMPROVEMENTS    IN    ROLLING    IRON    AND    STEEL. 


Fig.  17  shows  a  section  rolled  with  wide  flanges,  leaving  the 
web  without  change  of  form.     Fig.  18  shows  a  flange  rolled  on 


Fig.  10. — York  Transverse  Mill. 

a  3-  bv  0.75-in.  flat  bar  to  six  times  the  width  of  the  thickness 
of  the  flat.  Fig.  19  shows  a  column-section  rolled  from  a 
70-lb.  rail.     Fig.   20  is  an   end  elevation  of  this  mill,  which 
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Fig.13 


Fig.  14 


Fig.15 
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-  Fig.  16 
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Fig.  17 


Fig.18 


/  .Fig.  19 

Figs.  11  to  19. — Special,  Sections  Rolled  by  Transverse  Mill. 
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shows  the  rolling  of  flanges  on  large  and  small  ingots  and  flat 
slabs  for  blanks  for  the  iinishing-mill.  This  arrangement  dis- 
penses with  the  unequal  displacement  of  metal  to  form  the  web, 
and  removes  the  greatest  difficulty  in  the  rolling  of  flange  sec- 
tions, and  makes  possible  the  production  from  new  steel  of  sec- 
tions that  it  is  now  impossible  to  produce  by  present  methods. 


Fig.  20. — York  Tbansvekse  Mill  for  Rolling  Flanges  on  Ingots. 

Fig.  21  shows  some  of  the  various  sections,  rolled  from  rails, 
to  be  used  for  columns,  telegraph-poles,  trolley-poles,  beams, 
fence-posts  and  other  purposes.  To  produce  these  sections  it 
is  necessary,  first,  to  roll  in  a  transverse  direction  to  get  the 
proper  dimensions,  and  then  to  bend  in  the  mill  in  a  longitudi- 
nal direction. 
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Fig.82 
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Fig.24 


Fig.25 
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Fig.26 

Figs.  21  to  26. — Sections  Rolled  by  Transverse  Mill. 
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The  following  shapes  can  be  rolled  b}^  using  the  mill  for 
transverse  rolling  and  longitudinally  for  bending  hot :  Fig. 
22,  a  rail  with  the  flange  and  web  unchanged  from  the  old  rail, 
and  the  head  rolled  into  the  shape  given.  Fig.  23,  a  similar 
section  rolled  with  part  of  the  web  removed.  Fig.  24,  a  section 
where  the  rail-head  and  flange  have  both  been  rolled  to  the 
necessary  width  and  then  bent  to  the  shape  longitudinally.  Fig. 
25,  a  suggested  base  for  a  rail  with  a  movable  head.  Fig.  26 
shows  a  side  view  of  a 'rail-joint,  made  from  short  pieces  of 
worn  rail.     This  joint  is  designed  for  the  purpose  of  meeting 


Fig.  27.- 


-Tie-Section  with  Eecess  for  Eail,  Eolled  by  Transverse 
Mill. 


any  demands  of  adjustment,  strength  and  cheapness.  Fig.  27 
shows  a  tie  with  a  recess  rolled  to  form  a  rail  seat  so  as  to 
prevent  track-spreading.  Fig.  28,  column-sections  with  rolled 
projections  parallel  to  the  length.  These  can  be  changed,  if 
desired,  into  indentations  or  any  other  shape.  Fig.  29  shows 
taper  sections  of  narrow  or  great  width.  These  could  be  used 
for  many  purposes.  Fig.  30*  illustrates  the  utilization  of  short 
pieces  of  rail  to  make  the  tie-plates  now  generally  used  with 
wooden  ties.  I  show  one  only,  but  I  have  already  designed 
eight  sections  that  can  be  made  by  this  method. 
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All  the  sections  described  above,  with  the  exception  of  the 
ingots  shown  in  Fig.  20,  are  designed  to  be  made  from  old 
worn  rail-sections.  The  girder-  and  guard-rails  of  electric  and 
street-car  lines  can  be  used  to  make  the  same  class  of  material ; 
and  while  the  section  would  be  of  greater  height,  it  is  capable 


Fig.  28. — CoLraiN-SECTioN  with  Projections  Parallel  to  Length, 
Rolled  by  Transverse  Mill. 

of  being  rolled  with  the  same  facility  as  worn  tee-  or  double- 
headed  rails. 

The  method  is  not  confined  to  the  use  of  rail-sections  alone 
as  material  for  re-rolling.    We  take  beams  of  all  sizes,  split  the 


Fig.  29. — Taper  Sections,  Wide  ok  Narrow,  Kolled  by  Transverse 

Mill. 

two  flanges  ofi,  hot,  in  the  machine,  and  use  them  for  T-sec- 
tions,  column-blanks  and  other  purposes  after  re-rolling. 
Angles,  and,  in  fact,  bars  of  any  kind,  are  similarly  available. 
The  presence  of  holes  in  scrap  material  does  not  interfere  with 
rolling  by  this  method. 
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Some  of  the  many  sections  which  can  be  rolled  by  this  pro- 
cess are  shown  in  the  accompanying  illustrations.  I  have  al- 
ready designed  several  hundred  shapes  that  differ  from  exist- 
ing sections,  either  in  weight  or  design. 

It  is  adapted  for  flanging  plates  and  sheets,  hot  or  cold,  and 
for  making  angles  from  flats ;  also,  for  re-rolling  plates  and 
sheets  with  decorative  designs  on  their  faces,  for  artistic  and 
industrial  purposes. 

In  planning  these  mills  I  kept  in  mind  the  necessity  of  mak- 
ing them  strong  to  resist  the  hard  usage  of  rolling-mill  prac- 


FiG.  30. — Tie-Plate,  from  Short  Piece  of  Rail,  Rolled  by  Transverse 

Mill. 

tice  ;  simple,  so  that  they  could  be  readily  adjusted;  and,  also, 
capable  of  operating  with  unskilled  labor,  except  that  of  the 
mechanic  to  run  the  machine  and  the  heater  to  heat  the  mate- 
rial. The  rails  can  be  fed  into  the  machine  simply  and  quickly', 
and,  when  the  rolling  is  completed,  the  hot  bars  push  out,  lat- 
erally, those  already  rolled.  The  functions  of  the  machine  are 
almost  entirely  automatic. 

The  economic  and  commercial  importance  of  the  application 
of  this  method  to  the  utilization  of  scrap  for  ties,  joints  and 
tie-plates  has  been  well  stated,  as  follows  ■? 

"  At  the  present  time  there  are  about  450,000  miles  of  railways  constructed  in 
the  principal  countries  of  the  world.  Of  this  mileage  probably  33  per  cent,  at 
least  is  double,  counting  sidings,  which  would  raise  the  total,  as  single  mile- 
age, to  600,000  miles.     The  weight  of  metal  required  in  any  system  of  iron  or 

^  Iron  and  Coal  Trades  Review,  vol.  Hi.,  p.  514  (1896). 
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steel  sleepers  will,  of  course,  depend  mainly  on  its  form  and  method  of  appli- 
cation ;  but  a  conservative  mean  would  probably  be  100  tons  to  the  mile  of  single 
line,  which  would  give  us,  for  the  railways  of  the  world,  a  possible  supply  of 
60,000,000  tons,  or,  roughly,  about  40  times  the  total  output  of  Bessemer  steel  in 
Great  Britain  during  each  of  the  last  three  years.  Clearly,  therefore,  if  metallic 
sleepers  were  substituted  for  timber,  the  steel  trade  would  profit  enormously." 

Since  the  above  was  published,  the  Archiv  fur  Elsenbahn- 
ivesen^  reports  an  increase  in  mileage,  at  the  end  of  the  year 
1903,  to  534,292  miles,  which,  including  side-tracks,  is  equiva- 
lent to  about  700,000  miles.  Estimating  on  a  basis  of  125  tons 
of  steel  per  mile  of  single  track,  the  total  quantity  of  steel  used 
reaches  the  enormous  total  of  87,500,000  tons. 

If,  as  I  have  attempted  to  show,  these  rolled  bars  can  be 
made  from  material  that  has  already  fulfilled  the  purpose  for 
which  it  was  originally  made — namely,  its  use  as  rails — a  great 
economic  advance  will  have  been  efi:ected. 


The  Tin-Deposits  of  the  Kinta  Valley,  Federated  Malay 

States. 

BY  WILLIAM   R.    RUMBOLD,    ORURO,    BOLIVIA,    SO.    AMERICA. 

(London  Meeting,  July,  1906.) 

The  Kinta  valley,  in  the  State  of  Perak,  one  of  the  largest  of 
the  Federated  Malay  States,  is  probably  at  the  present  time  the 
richest  alluvial  tin-district  in  the  world,  Perak  producing  from 
20,000  to  25,000  tons  of  tin  annually,  and  the  Kinta  valley 
being  the  chief  producer. 

The  valley  runs  approximately  north  and  south,  and  is  30 
miles  long  by  12  wide.  It  is  very  flat,  the  mountain-ranges  on 
either  side  rising  abruptly  from  the  plain,  that  on  the  east  being 
the  great  Central  range  of  the  peninsula,  and  that  on  the  west 
a  subsidiary  range  marked  "  Kledang  "  on  the  map.  Fig.  1. 

The  valley  is  drained  by  the  Kinta  river,  which  rises  in  the 
eastern  mountain  range  and  flows  south  to  join  the  Perak 
river,  being  joined  by  numerous  streams  from  both  moun- 
tain-ranges. 

^  Bailroad  Gazette,  vol.  xxxviii.,  p.  749  (1905). 
VOL.  XXXVII. — 54 
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SCALE  OF  MILES 


Fig.  1. — Sketch-Map  op  the  Kinta  Valley,  Federated  Malay  States. 
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The  rain-fall  is  heavy,  averaging  annually  about  90  in.  The 
whole  country  is  covered  with  dense  jungle,  except  where  it 
has  been  cleared  for  mining-operations  and  a  small  amount  of 
cultivation. 

Mining  villages  are  scattered  throughout  the  valley,  the  chief 
towns  being  Kampar,  Batu  Gajah,  Lahat  and  Ipoh,  the  latter 
being  the  center  of  the  mining-operations. 

An  ideal  section  of  the  main  geological  features  of  the 
Kinta  valley  is  given  in  Fig.  2.  The  valley  is  composed  of  a 
highly  crystalline  limestone,  usually  white  in  color,  sometimes 
gray ;  in  fact,  it  may  be  called  marble.  It  is  always  highly  in- 
clined and  often  contorted,  and  in  some  places  is  interbedded 
with  shale.    On  the  east  side  of  the  valley,  near  its  contact  with 


(J  «l  o 


Granite  Crystalline  Linnestone  with  Alluvial 

overburden 

Fig.  2. — Ideal  Section  of  the  Kinta  Valley. 

the  granite,  it  forms  a  remarkable  series  of  limestone  cliffs, 
which  rise  in  some  cases  as  high  as  2,000  ft.  above  the  level  of 
the  limestone  in  the  valley.  It  is  non-fossiliferous,  and  its -geo- 
logical age  is  unknown.  The  mountains  on  both  sides  are  com- 
posed of  granite,  which  is  intrusive  and  has  doubtless  been  the 
cause  of  the  contortion  and  metamorphism  of  the  limestone, 
the  latter  appearing  as  though  it  had  been  squeezed  between 
the  two  intrusive  masses.  The  granite  is  gray  in  color,  and 
often  porphyritic,  with  large,  well-formed  crystals  of  orthoclase- 
feldspar,  quartz,  and  biotite-mica.  Tourmaline  is  very  common. 
The  whole  valley  and  a  large  proportion  of  the  mountain 
slopes  are  covered  with  alluvium,  which  reaches  a  depth  ot 
200  ft.,  as  proved  by  mine-workings,  and  may  be  deeper  in  the 
middle  of  the  valley,  where  there  are  very  few  workings ;  the 
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average  depth  is  about  30  ft.  This  alluvium  is  composed  of 
sand,  pebble-beds,  and  clay,  and  may  rest  either  on  a  bed-rock 
of  limestone  or  of  "  kong,"  the  latter  being  generally  ac- 
cepted as  china-clay,  but,  as  Mr.  J.  B.  Scrivenor  has  shown  in 
his  paper,^  may  be  also  the  bleached  surface  of  shales. 

The  limestone,  from  its  steep  bedding-planes  and  contorted 
structure,  has  been  weathered  to  a  very  irregular  surface,  form- 
ing numerous  little  pinnacles  and  depressions,  the  latter  often 
extending  into  cracks  of  10  to  20  ft.  in  depth,  the  whole  form- 
ing an  ideal  series  of  natural  riffles. 

Alluvial  Tin-Deposits. 
The  alluvial  tin-deposits  are  exceedingly 
variable,  following  no  well-detined  "  lead  "; 
the  "  karang "  (tin-bearing  wash)  may  be 
sandy,  or  the  tin  may  be  carried  in  a  thick, 
hea\'y  clay;  there  may  be  one  or  two  layers 
of  karang,  or  the  whole  soil  may  carry  tin, 
from  bed-rock  to  grass-roots.  The  section 
presented  in  Fig.  3  of  an  open-cast  mine  near 
Seliben  may  serve  as  perhaps  a  typical  de- 
posit. The  tin  occurs  as  small  black  crystals, 
usually,  but  not  always,  water-worn,  mixed 
with  tourmaline,  ilmenite,  and  other  impuri- 
ties, which  will  be  referred  to  later.  Another 
interesting  and  frequent  variety  is  the  occurrence  of  tin  in 
heavy  red  ferruginous  clays,  which  often  carry  values  through- 
out their  depth.  One  of  the  most  striking  instances  of  this 
class  is  the  Tambun  mine,  4  miles  NW.  of  Ipoh,  which,  at  the 
time  of  my  visit  to  the  district  in  1903,  was  the  richest  mine  in 
the  valley,  producing  350  tons  of  concentrates  a  month,  assaying 
68  per  cent,  of  metallic  tin.  The  average  value  has  been  calcu- 
lated from  the  number  of  cubic  yards  washed  in  a  month  and 
the  amount  of  concentrates  obtained ;  but  a  sample  taken  by 
me  from  a  number  of  car-loads  gave  a  higher  result — 76.8  lb. 
per  cu.  yd.     Fig.  4  shows  a  section  of  the  deposit. 

The  deposit  was  situated  at  the  top  of  a  small  rise  and  ap- 
peared to  be  completely  isolated,  boring  operations  which  had 


Fig.  3. — Section  of 

Open-Cast    Mine 

Near  Seliben. 


^  A  Preliminary  Report  on  the  Geology  of  the  Neighborhood  of  Taiping. 
as  a  Supplement  to  the  Perak  Government  Gazette,  Jan.  15,  1904.) 
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been  energeticallj  carried  on  in  the  vicinity  failing  to  prove  an 
extension  of  the  deposit. 

The  red  and  black  karang  carried  a  considerable  quantity 
of  iron  oxide  and  some  manganese :  the  tin  often  occurred  in 
the  boulders  and  lumps  of  ironstone  mentioned  above ;  in- 
deed, the  mine  had  erected  a  special  plant  to  deal  with  them. 
The  cassiterite  was  much  less  water-worn  than  in  many  of  the 
alluvial  deposits  (good  crystals  being  by  no  means  uncommon), 
and  ranged  in  size  from  lumps  as  large  as  a  man's  fist  down  to 
the  finest  sand.     The  granite  contact  is  2  miles  from  the  mine. 

Another  well  known  and  almost  equally  rich  mine  is  at 
Tronoh,  9  miles  SW.  of  Batu  Gajah.  This  mine  is  situated  at 
the  bottom  of  a  small  hill,  and  ^y 
is  supposed  to  be  about  200  ft. 
deep ;  when  I  visited  the  mine, 
June,  1903,  bed-rock  had  not 
been  reached.  The  overburden 
of  about  50  ft.  consists  of  red 
and  yellow  sand  and  clay,  the 
karang  being  a  heavy  blue  clay, 
in  which  appear  white  water- 
worn  pebbles  of  quartz;  the  lat- 
ter are  supposed  to  be  character- 
istic of  the  places  where  the  rich-  . 
est  tin  occurs. 

The  bed-rock,  although  not 
exposed,  is  almost  certainly  lime- 
stone, which  occurs  in  the  vicinity  and  also  in  shafts  that 
have  been  sunk  close  to  the  deposit.  The  cassiterite  is  con- 
siderably more  water-worn  than  at  Tambun,  and  is  found 
as  clean  black  crystals,  without  any  admixture  of  iron  oxide ; 
the  concentrates,  however,  contain  a  small  amount  of  iron 
pyrites. 

There  are  numerous  other  mines  that  might  be  described, 
notably  those  on  the  slopes  of  the  mountains,  often  on  granite 
bed-rock,  generally  low  in  tin  values  and  much  mixed  with  tour- 
maline, ilmenite  and  granite  decomposition-products.  There 
is  also  a  very  interesting  series  of  deposits  in  the  hollows  of 
the  limestone  cliffs  mentioned  above;  these  deposits,  often  500 
ft.  or  more  above  the  level  of  the  valley,  are  invariably  found 


Surface  soil,  no  tin. 


Yellow  and  reddish 
clays,  no  tin,  or  only 
traces. 


Heavy  red  and  black 
clays,  with  lumps 
and  boulders  of  iron- 
stone, and  averaging 
5.5  lb.  of  block  tin  to 
the  cu.  yd. 


Fig.  4.- 


Limestone  bed-rock. 

Section  of  Tambun 
Mine. 
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in  a  red  ferruginous  clay,  containing  water-worn  pebbles  of 
iron  oxide.  The  values  are  not  often  bigh,  but  the  tin  runs 
throughout  the  deposit,  being,  however,  richer  near  bed-rock. 
These  last-named  deposits  afford  some  measure  of  the  enor- 
mous time  that  the  present  denudation  of  limestone  and  gran- 
ite and  the  concentration  of  their  heavier  particles  has  been 
taking  place,  and  awakes  speculation  as  to  the  amount  of  con- 
centration and  reconcentration  that  has  been  going  on  since 
the  cassiterite  was  first  weathered  out  fo  the  rock. 

The  minerals  met  with  in  the  wash  include  magnetite,  tour- 
maline, ilmenite,  iron  pyrites,  wolframite,  garnet,  zircon,  spinel, 
corundum,  and  in  one  mine  an  interesting  concentration  of 
cerussite. 

The  tourmaline,  ilmenite,  zircon  and  garnet  occur  more 
abundantly  near  the  granite  contact,  the  tin  in  these  mines 
beiug  free  and  in  black  crystals ;  in  the  red  clay-deposits  these 
minerals  are  rare,  and  generally  entirely  absent,  the  tin  in  the 
latter  cases  being  found  with  iron  oxide. 

The  Lode  Deposits  (in  contradistinction  to  alluvial  deposits) : 

(1)  Those  in  Granite. — Most  writers  on  the  alluvial  deposits 
of  the  Malay  Peninsula  state  that  the  tin  of  the  alluvium  must 
have  been  derived  from  stockworks  or  lodes  in  the  granite, 
yet  can  point  to  but  very  few  instances.  This  failure  to  find 
the  "  root-deposits  "  may  be  ascribed  to  the  thickness  of  the 
alluvial  covering  and  to  the  denseness  of  the  jungle ;  but  surely 
such  sweeping  assertions  as  are  sometimes  made  should  be 
based  on  stronger  evidence  than  hitherto  has  been  adduced. 
The  only  lode  in  the  granite,  or  indeed  any  tin-deposit  in  that 
rock,  that  I  have  seen  in  this  district  was  one  west  of  Lahat,  at 
the  bottom  of  the  granite  range  and  near  the  contact  with  the 
limestone.  This  lode  was  about  2  ft.  wide  with  no  well-defined 
walls,  the  lode-stufi"  consisting  of  an  intimate  mixture  of  gray 
cassiterite  and  iron  pyrites  with  a  little  quartz ;  it  appeared  as 
though  the  minerals  had  replaced  the  original  feldspar  in  the 
granite,  and  the  deposition  had  taken  place  along  a  joint-plane 
in  the  rock. 

(2)  Those  in  Limestone. — There  seems  to  be  a  general  belief 
that  the  occurrence  of  cassiterite  in  limestone  is,  if  not  an  im- 
possibility, so  rare  that  the  discovery  of  profitable  lodes  in  that 
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rock  is  hardly  worth  discussion;  but  if  limestone  is  in  connec- 
tion with  intrusive  stanniferous  rocks  there  appears  to  be  no 
sound  reason  against  the  occurrence  of  tin  in  it,  just  as  plenti- 
fully as  in  slate  rocks  placed  in  a  similar  position. 

In  the  Kinta  valley  there  are  at  least  three  deposits  of  tin  in 
limestone ;  probably  more,  but  the  difficulty  of  obtaining  any 
reliable  information  as  to  deposits  that  have  been  abandoned 
and  are  supposed  to  be  worked  out,  makes  it  often  impossible 
to  be  sure  whether  a  mine  was  alluvial  or  otherwise. 

The  three  deposits  actually  seen  by  me  were  those  of  Chun- 
kat  Parit,  Saiah,  and  a  mine  owned  by  the  French  Mining  Co. 
near  Lahat. 

In  Chunkat  Parit,  one  mile  west  of  Ipoh,  at  the  time  of  my 
visit,  the  lower  workings  were  under  water,  and  I  had  to  be 
content  with  a  look  at  the  outcrop,  the  dump,  and  specimens. 
The  outcrop  could  not  be  traced  for  any  great  distance,  and  the 
lode  did  not  show  signs  of  well-defined  walls,  but  appeared  to 
follow  roughly  a  bedding-plane  in  the  limestone,  striking  N-S., 
and  apparently  rapidly  thinning  out  at  each  end.  The  lode- 
stuff  was  a  mixture  of  brown  fine-grained  cassiterite,  erubescite, 
and  chalcopyrite,  with  a  limestone  gangue.  The  country-rock 
was  the  usual  highly  crystalline  limestone,  the  deposit  being 
about  two  miles  distant  from  the  granite  contact. 

Saiah,  close  to  Seputeh,  SW.  of  Batu  Gajah,  is  an  open-cast 
mine  worked  by  a  Chinaman.  Unfortunately,  here,  too,  I  was 
unable  to  make  a  close  examination,  not  being  allowed  to  enter 
the  workings ;  but  it  appeared  that  the  mine  had  been  origi- 
nally worked  for  fairly  rich  alluvium,  and  when  this  had  been 
followed  down  into  one  of  the  cracks  of  the  limestone,  a  lode 
deposit  was  discovered.  The  lode-stuff  consisted  of  cassiterite, 
arsenical  pyrites,  iron  pyrites  and  quartz,  some  of  which  had 
been  deposited  in  well-developed  crystals.  The  country-rock 
was  limestone,  the  deposit,  as  far  as  could  be  seen,  following  the 
general  strike  of  that  rock.  It  was  two  miles  from  the  nearest 
granite  outcrop  known  to  me. 

The  third  deposit,  situated  a  little  east  of  Lahat,  and  owned 
by  the  French  Mining  Co.,  was  by  far  the  most  interesting  and 
most  instructive. 

The  discovery  had  only  recently  been  made,  when  I  was 
kindly  given  the  opportunity  of  examining  it.     The  lode  had 
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been  stripped  of  its  alluvial  covering  for  50  ft.  along  the  strike; 
whether  the  alluvium  had  been  rich  in  tin,  and  whether  this 
fact  had  led  to  the  discovery,  I  am  unable  to  say.  The  lode 
was  8  ft,  wide  with  a  NE-SW.  strike,  and  dipped  at  a  steep 
angle  to  the  west.  It  was  composed  of  an  intimate  mixture  of 
red  iron  oxide  and  cassiterite  with  a  little  iron  and  copper 
pyrites,  the  gangue  being  calcite  and  limestone,  while  there 
were  some  very  large  and  beautiful  crystals  of  calcite  on  the 
hanging-wall.  The  walls  were  fairly  well  defined,  much  more 
so  than  in  either  of  the  deposits  previously  described.  The 
granite  contact  was  a  mile  to  the  west  of  the  mine. 

I  much  regret  that  I  have  no  details  as  to  the  subsequent  de- 
velopments ;  the  company  were  starting  to  prove  the  existence 
or  otherwise  of  the  lode  in  depth  by  a  core-drill. 

Origin  of  the  Deposits. 

It  appears  to  be  generally  accepted  that  the  alluvial  tin  has 
been  derived  from  original  deposits  in  the  granite,  and  as 
proof  thereof  there  are  cited  the  few  lodes  that  have  been 
discovered,  the  analogy  to  the  Erzgebirge  and  other  tin-fields, 
and  sometimes  also  the  fact  of  the  constituents  of  the  granite 
being  found  with  the  tin  in  the  karang, — this  latter  a  most  re- 
markable statement.  One  might  just  as  well  argue  that,  because 
one  of  the  mines  mentioned  above  contained  cerussite,  obviously 
eroded  from  the  limestone,  therefore  the  minerals  mixed  with 
the  cerussite,  such  as  quartz,  tourmaline,  feldspar,  cassiterite 
and  even  granite  pebbles  themselves,  had  been  derived  from  the 
limestone. 

The  absence  of  certain  minerals,  however,  may  sometimes  be 
of  use  in  determining  the  origin  of  the  alluvium. 

At  the  same  time,  although  I  think  that  in  a  few  cases  it  can 
be  proved  otherwise,  it  is  possible  and  even  probable  that  a 
great  many,  perhaps  a  great  majority,  of  the  tin-deposits  have 
been  derived  from  the  granite.  There  is  the  proof  of  the  tin- 
alluvium  found  on  the  slopes  of  the  hills  and  on  granite  bed- 
rock, in  some  cases  far  away  from  and  above  the  limestone, 
which  must  have  been  derived  from  the  granite  itself;  it  is  also 
noticeable  that  the  sides  of  the  valley  are  richer  than  the  cen- 
ter, in  which  place  mines  are  conspicuous  by  their  absence. 

But  in  the  case  of  such  a  deposit  as  the  Tambun  mine,  2 
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miles  from  the  granite,  the  karang  rich  in  iron  oxides  and 
manganese,  the  cassiterite  only  slightly  water-worn,  the  occur- 
rence of  the  latter  in  ironstone  in  large  blocks,  the  isolated  char- 
acter of  the  deposit,  and  the  failure  to  trace  any  "  lead,"  would 
naturally  suggest  its  local  origin ;  and  when  to  this  is  added 
the  actual  occurrence  of  tin  in  limestone,  especially  in  the  case 
of  such  a  deposit  as  that  described  at  Lahat,  which,  with  its 
intimate  association  of  iron  oxide  and  tin,  would  tend  to  pro- 
duce just  such  an  alluvium  as  is  seen  in  the  Tambun  mine,  it 
is  for  me  an  impossibility  to  go  back  to  granite  for  its  origin. 
It  is  perhaps  superfluous  to  add  that,  because  a  deposit  such  as 
the  one  referred  to  has  been  derived  from  a  lode  in  the  lime- 
stone, it  does  not  necessarily  follow  that  the  root-deposit  can  be 
discovered,  since  the  alluvium  was  very  probably  the  result  of 
the  disintegration  of  rich  pockets,  the  ores  of  which  perhaps 
arrived  through  fissures,  which  at  the  present  plane  of  erosion 
have  no  marked  distinguishing  features. 

Mr.  Scrivenor,  in  his  paper  already  referred  to,^  writes  : 

"  So  far,  I  have  seen  nothing  in  the  ironstone  which  cannot  be  accounted  for 
by  the  deposition  and  subsequent  oxidation  of  iron  carbonate  conveyed  in  solu- 
tion by  percolating  water.  That  the  water  should  find  its  way  along  the  bedding- 
planes  is  not  surprising,  seeing  the  high  angle  at  which  these  planes  are  placed." 

Again  he  says: 

"  After  the  deposition  of  the  alluvium  percolating  water  carrying  iron  carbonate 
in  solution  caused  the  formation  of  the  cemented  karang  and  the  laterite." 

I  do  not  know  whether  Mr.  Scrivenor  would  call  the  Tam- 
bun karang  laterite  or  not,  but  it  seems  to  me  a  little  difficult 
to  imagine  ascending  solutions  of  iron  carbonate  circulating 
through  the  upper  part  of  the  limestone  without  precipitation, 
and  then  forcing  their  way  through  a  most  impervious  stratum 
of  alluvial  clay.  Surely,  in  alluvium,  if  anywhere,  we  must 
find  rather  descending  oxidizing  solutions,  and  I  should  be 
much  more  inclined  to  attribute  the  laterite  and  cement-beds 
to  the  solution  of  iron  oxides  from  the  granite  and  limestone 
by  organic  acids  derived  from  decajdng  vegetation,  and  sub- 
sequent precipitation  of  the  iron  thus  carried.  Nowhere  in 
the  world  would  such  organic  acids  have  a  better  opportunity 

^  A  Preliminary  Report  on  the  Geology  of  the  Neighborhood  of  Taiping.  (Publislied 
as  a  Supplement  to  tlie  Perak  Government  Gftzefte,  .Jan.  15,  1904.) 
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of  forming  than  in  the  moist  climate  and  dense  vegetation  of 
the  Malay  States.  The  bleaching  of  the  shales  to  which  Mr. 
Scrivenor  alludes  may  perhaps  be  accounted  for  by  the  acids 
formed  in  this  way. 

The  Tronoh  mine  appears  to  be  as  isolated  as  that  of  Tambun, 
but  there  do  not  seem  to  be  such  definite  proofs  of  its  deriva- 
tion from  limestone  as  in  the  latter;  on  the  other  hand,  defi- 
nite proofs  of  its  derivation  from  granite  appear  to  be  equally 
lacking. 

There  are  many  other  mines,  especially  those  which  are  some 
distance  from  the  granite  contact,  the  origins  of  which  seem 
referable  rather  to  deposits  in  the  limestone  than  to  those  in 
the  granite ;  that  is,  given  the  possibility  of  the  occurrence  of 
tin  in  the  limestone,  which  is  a  fact  beyond  dispute.  With 
regard  to  the  concentration  of  the  cassiterite,  especially  in  ex- 
planation of  the  occurrence  of  two  or  more  layers  of  karang, 
I  think  that  Posepny's  theory^  is  excellently  illustrated — namely, 
that  of  the  sinking  of  the  heavier  constituents  through  a  loose 
mass  with  the  aid  of  water  until  the  particles  reach  bed-rock 
or  a  relatively  impervious  stratum. 

In  every  case  that  I  noted,  where  there  were  two  distinct 
beds  of  karang,  the  top  bed  was  invariably  lying  on  clay ;  some- 
times the  clay  itself  was  a  tin-bearer,  as  though  the  heavy  par- 
ticles had  endeavored  to  work  their  way  through  the  close- 
packed  bed,  but  had  found  the  process  so  difiacult  that  they  had 
become  concentrated  there. 

As  regards  the  origin  of  the  "  root-deposits "  themselves, 
there  seems  for  the  granite  no  reason  to  depart  from  the  usually 
accepted  theory  of  tin-deposits — namely,  that  they  are  formed 
by  the  after-actions  of  the  eruptive  rock;  but  in  the  lime- 
stone it  would  seem  more  in  accordance  with  the  facts  to  sup- 
pose that  the  lodes  were  formed  by  ascending  waters,  doubt- 
less closely  connected  with  the  pneumatolytic  after-actions. 

In  conclusion,  I  desire  to  remark  on  the  extraordinary  indif- 
ference which  is,  or  at  any  rate  until  lately  had  been,  displayed 
by  the  Government  of  the  Federated  Malay  States  in  matters 
geological,  and  on  the  extreme  reticence  which  characterizes 
the  Department  of  Mines,  even  as  to  the  small  amount  of  in- 
formation which  they  have  collected. 

3  Genesis  of  Ore-Deposits,  2d  e<l.,  p.  154  (1902). 
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It  is  not  too  much  to  say  that  at  present  the  country  is  abso- 
lutely dependent,  for  its  progress  and  for  its  commercial  and 
financial  existence,  on  the  tin  industry.  The  tax  on  tin  pays 
for  the  roads,  the  railways,  the  many  fine  government  buildings, 
and  the  salaries  of  those  that  work  in  them  ;  and  yet  it  is  only 
quite  recently  that  the  Government  has  appointed  a  State 
Geologist.  In  a  mining  country  in  which  mines  are  so  quickly 
discovered,  worked  out  and  abandoned  as  in  the  Kinta  valley, 
it  seems  of  enormous  importance  that  careful  records  of  each' 
mine  should  be  kept,  and  such  points  as  the  character  of  the 
overburden,  karang,  and  bed-rock,  the  accompanying  minerals, 
the  approximate  richness  of  the  karang,  etc.,  etc.,  should  be 
noted,  correlated  with  others,  and  published,  together  with  bor- 
ings or  any  other  exploratory  work  which  may  be  undertaken 
by  the  Government.  That  one  man,  however  able,  can  collect 
these  data  as  well  as  fulfill  his  more  strictly  geological  work,  is 
of  course  impossible ;  but  the  mining  inspectors,  many  of  whom 
are  technically  trained  men,  might  certainly  make  use  of  their 
exceptional  opportunities  in  this  direction,  and  aim  at  being 
something  more  than  "Guardians  of  the  Water,"  as  the  Malays 
and  Chinese  now  call  them.  In  such  ways  we  might  be  able  to 
learn  more  of  these  unique  and  most  interesting  deposits,  and 
not  only  speculate  as  to  their  origin,  but  be  able  to  point  to 
paying  lodes  as  evidence  of  our  theories. 

To  quote  Posepny's  famous  work  again  (p.  3) : 

"Mining,  indeed,  constantly  furnishes  fresh  evidences  in  new  openings,  but  it 
destroys  the  old  at  the  same  time  ;  and  if  these  are  not  preserved  for  science  be- 
fore it  is  too  late,  they  are  lost  forever.  The  whole  mining  industry  is  in  it8 
nature  transitory  ;  but  the  nation,  which  intrusts  to  the  miner,  upon  certain  condi- 
tions, the  extraction  of  its  mineral  wealth,  has  a  right  to  demand  that  the  knowl- 
edge thus  gained  at  the  cost  of  a  part  of  the  national  resources  shall  not  be  lost 
to  science." 
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Fluorite  and  Barite  in  Tennessee. 

Author's  Postscript  to  a  Paper  on  "Lead-  and  Zinc-Deposits  of  the  Virginia- 
Tennessee  Region,"  Trans.,  xxxvi.,  681  to  737  (1906). 

BY  THOMAS  L.   WATSON,  BLACKSBURG,  VA. 

My  thanks  are  due  to  Mr.  Frank  Firmstone,  Fasten,  Pa., 
who  has  called  my  attention  to  the  statement  in  my  paper^  that 
"  Barite,  fluorite  and  quartz,  though  not  observed  in  the  Ten- 
nessee area,"  ...  as  possibly  misleading  to  the  reader,  if 
construed  to  mean  that  such  a  discovery  had  never  been  made. 
Mr.  Firmstone  is  correct  in  assuming  that  this  statement  re- 
ferred only  to  the  study  of  the  worked  areas  of  the  metallic 
ores,  especially  zinc,  made  in  the  course  of  the  survej'  upon 
which  my  paper  was  based. 

The  occurrence  of  barite  and  fluorite  with  lead-ores  in  Ten- 
nessee was  reported  by  Prof.  Saflbrd,^  in  1869,  and  by  Saftbrd 
and  Killebrew,^  in  1887,  with  the  further  statement  that  about 
1,000,000  lb.  of  barite  were  annually  mined  in  Greene,  Wash- 
ington and  Jefferson  counties,  Tenn.,  and  that  considerable 
deposits  occur  also  in  McMinn,  Smith  and  other  counties.  It 
is  also  noted  that  the  barite  "  usually  occurs  in  veins,  associated 
with  galena."  The  present  worked  areas  of  barite  are,  how- 
ever, distinct  barite  propositions,  without  workable  quantities 
of  either  lead  or  zinc,  so  far  as  mining  operations  have  gone, 
and  the  areas  are  more  or  less  removed  from  the  present  areas 
of  zinc-ores. 

Mr.  Firmstone  informs  me  also  that,  in  1892,  he  observed,  in 
the  magnesian  limestone  at  "Watauga  Point,  in  Carter  county, 
on  the  left  bank  of  the  Watauga  river,  a  little  below  the  mouth 
of  Buffalo  creek,  small  quantities  of  galena  and  some  fluorite. 

1  Trans.,  xxxvi.,  686  (1906). 

^  Geology  of  Tennessee,  by  James  M.  Safford,  A.M.,Pli.D.,  p.  224,  Nasliville 
(1869). 

^  Elementary  Geology  of  Tennessee,  by  James  M.  Safford  and  J.  B.  Killebrew, 
pp.  140,  198,  Nashville  (1887). 


DISCUSSIONS. 


The  Secondary  Enrichment  of  Copper-Iron  Sulphides.* 
A  Discussion  of  the  Paper  of  T.  T.  Eead,  p.  297. 

E.  C.  Sullivan,  "Wasliington,  D.  C.  (communication  to  tlie 
Secretary  t) : — Mr.  Read's  paper  is  deserving  of  high  com- 
mendation for  attacking  the  problem  from  the  experimental 
side,  yet  certain  errors  have  crept  into  the  work  to  which  it 
seems  desirable  to  direct  attention.  Most  serious  of  these  is 
the  fact  that  in  the  two  experiments  in  which  data  are  given, 
showing  the  total  quantities  and  composition  of  solid  and  so- 
lution before  and  after  the  experiments,  there  are  discrepancies 
great  enough  to  deprive  the  results  of  significance. 

In  Experiment  No.  1  the  author  has,  before  the  experiment : 

10  g.  of  chalcopyrite  containing  .  .  3.262  g.  of  copper  and  2.724  g.  of  iron. 
100  cc.  of  solution  containing       .         .     0.360  g.  of  copper.  

Total,        ....     3.622  g.  of  copper  and  2.724  g.  of  iron. 

At  the  conclusion  of  the  experiment : 

9.54  g.  of  chalcopyrite  containing  .  3.234  g.  of  copper  and  2.563  g.  of  iron. 
100  cc.  of  solution  containing       .         .     0.338  g.  of  copper  and  0.343  g.  of  iron. 

Total,        ....     3.572  g.  of  copper  and  2.906  g.  of  iron. 

There  is  an  apparent  gain  of  0.182  g.  of  iron,  while  solid  and 
solution  are  each  made  to  lose  copper,  the  error,  0.050  g.,  be- 
ing more  than  twice  as  great  as  the  amount  of  copper  (0.022  g.) 
which  the  author  concbides  was  precipitated  from  solution  by 
the  chalcopyrite. 

In  Experiment  No.  3,  in  which  data  are  given  for  making  the 
calculation,  there  are  similar  discrepancies,  the  iron  appearing 
to  increase  from  2.724  to  2.827  g.,  and  the  copper  to  decrease 
from  3.262  to  3.241  g. 

*  Published  by  permission  of  the  Director  of  the  United  States  Geological 
Survey. 

t  Received  June  12,  1906. 
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The  data  as  given  by  the  author  indicate  on  their  face  that 
the  precipitation  of  copper  from  cupric  sulphate'  sohition  by 
chalcopyrite  is  greater  in  the  absence  of  sulphurous  acid,  a  result 
not  in  keeping  with  the  work  of  H.  V.  Winchell/  which  seemed 
to  show  that  the  reaction  between  pyrite  and  cupric  sulphate 
was  facilitated  by  the  presence  of  sulphurous  acid.  In  experi- 
ments made  by  me  to  test  this  point,  cupric  sulphate  solution 
(40  cc.  containing  0.1  g.  of  copper)  saturated  with  sulphur  di- 
oxide lost  its  color  almost  at  once  on  shaking  with  20  g.  of 
finely  powdered  chalcopyrite,  while  cupric  sulphate  without 
sulphur  dioxide,  similarly  treated,  became  colorless  only  at  the 
expiration  of  a  week.  To  each  of  the  colorless  solutions  4  cc. 
of  a  cupric  sulphate  solution  was  then  added,  containing  0.250  g. 
of  copper.  On  standing  over  night,  the  solution  containing 
sulphurous  acid  w^as  again  colorless,  while  the  color  in  the  other 
faded  very  slowly.  In  similar  experiments  with  pyrite  and  cu- 
pric sulphate  in  presence  and  in  absence  of  sulphurous  acid, 
the  copper  at  the  end  of  three  days  had  been  practically  re- 
moved from  the  solution  which  contained  cupric  sulphate  and 
sulphurous  acid,  while  from  the  solution  which  contained  cu- 
pric sulphate  alone  about  0.040  g.  of  copper  had  been  precipi- 
tated out  of  a  total  of  0.097  g.  of  copper  in  40  cc. 

There  seems,  therefore,  to  be  no  doubt  that  sulphurous  acid 
accelerates  the  precipitation  of  copper,  presumably  as  sulphide, 
from  cupric  sulphate  solution  by  pyrite  and  chalcopyrite.  The 
fact  should  be  emphasized,  however,  that  the  presence  of  sul- 
phurous acid  is  by  no  means  essential  to  the  precipitation  of 
copper  from  cupric  sulphate  solution  by  these  sulphides.  In- 
deed, it  may  be  open  to  question  whether,  so  far  as  the  quan- 
tity of  copper  precipitated  is  concerned,  the  difference  caused 
by  the  presence  of  sulphurous  acid  is  great  enough  to  be  of 
significance  to  the  geologist. 

Only  one  other  point  will  be  mentioned.  The  work  of  Mor- 
gan and  Smith,^  cited  by  Mr.  Read  as  demonstrating  that  chal- 
copyrite is  a  cupric  ferrous  compound  (CuS,  FeS)  rather  than 
a  cuprous  ferric  (CU2S,  FcjSa),  seems  not  to  be  perfectly  conclu- 
sive.    Morgan  and  Smith,  on  passing  hydrochloric  acid  gas 

^  Bulletin  of  the  Geological  Society  of  America,  vol.  xiv.,  p.  269  (1902). 

^  Journal  of  the  American  Chemical  Society,  vol.  xxiii.,  pp.  107  to  109  (1901). 
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over  the  mineral,  and  treating  the  residue  with  water,  obtained 
a  solution  which  reduced  permanganate  in  the  quantity  to  be 
expected  if  the  iron  were  ferrous.  Inasmuch,  however,  as  cu- 
prous chloride  and  ferric  chloride  may  react  to  form  cupric 
and  ferrous  chlorides,  it  would  appear  that  the  result  might  be 
the  same  whichever  of  the  two  formulas  were  correct.^ 

T.  T.  Read,  Colorado  Springs,  Colo,  (communication  to  the 
Secretary*) : — The  discrepancies  to  which  Mr.  Sullivan  adverts 
had  not  escaped  observation ;  but  the  comparison  he  makes  is 
somewhat  unfair,  as  the  errors  lie  in  the  determinations  on  the 
solid  residue  (it  was  not  possible  at  the  time  to  make  them  as 
carefully  as  was  desirable),  while  the  inferences  as  to  the  action 
which  had  taken  place  are  properly  drawn  from  the  composi- 
tion of  the  solution. 

The  chalcopyrite  used  for  the  original  experiment  was  abso- 
lutely pure;  no  foreign  material  could  be  detected  by  most  care- 
ful microscopic  examination.  Upon  repeating  the  experiment 
upon  ordinarily  clean  chalcopyrite,  containing  small  amounts 
of  other  sulphides,  results  were  obtained  which  agree  with  the 
experience  of  Messrs.  Sullivan  and  Winchell.  It  would  seem, 
then,  that,  under  ordinary  circumstances,  the  presence  of  sul- 
phur dioxide  accelerates  the  precipitation  of  copper  from  a  so- 
lution of  the  sulphate. 

In  regard  to  the  strictures  upon  the  work  of  Morgan  and 
Smith,  it  seems  only  logical  to  inquire,  since  the  ferric  and  cu- 
prous salts  react  upon  the  decomposition  of  the  mineral  to  form 
ferrous  and  cupric  salts,  why  they  should  not  have  similarly  re- 
acted at  the  instant  of  formation  of  the  mineral.  Allan  and 
Gibb,  and,  more  recently,  Rontgen,  have  shown  that  interme- 
tallic  compounds  of  cuprous  and  ferrous  sulphides  exist  in 
mattes.  It  would  seem  more  reasonable  to  suppose  that  chal- 
copyrite is  an  intermetallic  compound  of  cupric  and  ferrous 
sulphides  rather  than  of  cuprous  and  ferric  sulphides,  especially 
since  the  latter  is  not  known  as  a  product  of  natural  reactions. 


»  Cf.  Stokes,  Bulletin  No.  186.   U.  S   Geological  Surveij,  p.  45  (1901). 
*  Eeceived  September  28,  1906. 
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Improvements  in   Rolling    Iron   and  Steel. 

A  discussion  of  the  Paper  of  James  E.  York,  p.  859. 

Robert  "W.  Hunt,  Chicago,  111.: — It  has  been  my  good  for- 
tune to  know  of  this  development  of  Mr.  York's  for  some 
time,  and  I  think  he  will  permit  me  to  say  that  this  is  not  the 
first  demonstration  that  he  has  made  of  his  method  for  rolling 
difficult  shapes,  and  which,  as  he  has  stated,  had  in  the  past  been 
regarded  as  practically  impossible.  I  have  good  reason  to  know 
that  Mr.  York  has  been  successful  on  other  lines,  because  I 
myself  went  through  a  period  of  professional  disrepute  for  hav- 
ing reported  favorably  on  his  methods,  which  received  dis- 
credit up  to  the  time  that  it  was  practically  demonstrated  that 
his  claims  were  true  ones.  Years  ago  Mr.  York  built  a  mill  at 
Duluth,  Minn.,  for  the  production  of  structural  shapes,  and 
notably  of  what  might  be  called  balanced  beams — beams  that 
did  not  have  flan  aces  of  restricted  width.  His  scheme  was  to 
produce  beams  with  flanges  so  wide  that  they  could  be  used  in 
place  of  built-up  beams.  The  mill,  of  course,  went  through  the 
difficulties  that  such  a  mill  would  have  to  encounter.  I  was 
called  upon  to  make  an  examination  of  the  property  and  report. 
These  beams  were  rolled  on  a  universal  mill — a  mill  which  would 
admit  of  various-sized  sections  without  change  of  rolls.  I  was 
convinced  that  Mr.  York  could  do  it,  and  I  so  reported.  Hav- 
ing received  condemnation  and  ridicule  for  having  taken  that 
position,  later  on  I  was  glad  to  find  that  Mr.  John  Fritz  had 
come  to  the  same  conclusion,  and  had  so  reported.  I  concluded 
we  both  could  rest  content,  while  awaiting  developments.  Later 
still,  as  we  all  know,  there  was  another  difficulty  that  Mr.  York 
met  with — namely,  that  the  architects  or  structural  engineers 
would  not  accept  his  proposed  sections.  That  is  still  a  great 
difficulty  in  America.  Later,  the  Grey  mill  came  into  suc- 
cessful operation  in  Luxemburg,  producing  such  sections,  which 
are  being  used  in  England  and  on  the  Continent.  In  fact,  the 
whole  process,  both  from  a  commercial  and  a  mechanical  point 
of  view,  is  a  success.    The  Bethlehem  Steel  Co.,  Bethlehem,  Pa., 
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are  putting  in  a  Grey — that  is,  a  York  mill,  as  part  of  their 
immense  new  plant  which  is  in  course  of  construction.  Owing 
to  matters  over  which  Mr.  York  had  no  control — that  is,  the 
financial  side  of  the  question — it  was  taken  out  of  his  hands, 
but  it  is  the  York  mill  that  is  making  the  sections.  When  Mr. 
York  showed  me  the  present  examples  of  his  skill,  I  was  quite 
as  much  surprised  as  the  company,  but  I  was  perfectly  prepared 
to  credit  his  claims. 

Kurt  KERLEN,Dusseldorf,Germany: — I  am  of  the  opinion  that 
the  paper  read  by  Mr.  York  would  have  been  better  if  divided 
into  two  parts — i.  e.,  (1)  Universal  Girder  Rolling-Mills ;  (2) 
Transverse  Mills. 

As  I  have  only  to-day  for  the  first  time  heard  anything  of  the 
latter  type  of  mills,  I  am  not  able  to  say  anything  about  them, 
but  I  think  this  idea  of  transverse  mills,  brought  before  us  to- 
day by  Mr.  York,  must  be  very  interesting. 

On  the  other  hand,  universal  girder  rolling-mills  are  not  by 
any  means  a  new  idea,  as  on  May  9, 1889,  Mr.  Hugo  Sack,  then 
of  Duisburg,  read  before  the  Iron  and  Steel  Institute  a  paper  on 
universal  girder  rolling-mills  for  rolling  girders  and  cruciform 
sections.^  He  gave  in  his  paper  an  exact  statement  of  the 
scientific  and  technical  reasons  why  the  ordinary  method  of 
rolling  flanged  sections  in  two-high  and  three-high  mills  is  ob- 
jectionable. At  the  same  time  he  exhibited  a  model  of  his 
mill,  which  had  been  already  working,  among  other  works  at 
those  of  Messrs.  David  Colville  &  Sons,  Ltd.,  and  the  Newton 
works  of  The  Steel  Co.  of  Scotland,  Ltd.,  and  I  take  it  from  the 
discussion  recorded  in  the  proceedings  of  the  year  1889  of  the 
Iron  and  Steel  Institute,  that  Mr.  E.  Windsor  Richards  was 
present  at  the  discussion,  and  so  that  gentleman  could  corrob- 
orate me  in  what  I  have  said.  I  may  also  say  that  at  a  later 
date  this  model  was  again  exhibited  in  this  country  and  that 
there  exists  another  universal  mill — the  Grey  mill — which  is 
already  in  actual  working  at  Differdingen. 

The  chief  difference  between  the  Grey  mill,  on  the  one  hand, 
and  the  Sack  and  York  mills,  on  the  other,  is  that  the  Grey- 
mill  has  a  special  pair  of  horizontal  rolls,  which  are  placed 
at  some   distance   away   from    the   four    other  rolls,  and   act 

^  Journal  of  the  Iron  and  Steel  Institute,  vol.  xxxiv.,  No.  1,  pp.  132  to  145  (1889). 
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especially  upon  the  edges  of  the  flanges,  while  in  the  Sack 
mill  this  action  upon  the  edges  of  the  flanges  is  done  simul- 
taneously by  the  four  rolls  which  are  lying  in  the  same  plane. 
This  is  a  great  advantage  and  is  much  simpler  when  compared 
with  the  Grey  mill. 

As  regards  the  York  mill,  the  manner  in  which  the  compres- 
sion of  the  flanges  upon  their  edges  is  performed  is  not  demon- 
strated in  the  paper,  and  from  the  short  notes  made  by 
Mr.  York,  I  do  not  at  present  see  how  he  intends  to  roll  girders 
with  flanges  of  an  exact  width  and  with  the  web  precisely 
in  the  middle  of  the  flanges.  I  would  like  very  much  to  hear 
further  from  him  on  this  subject. 

I  am  at  the  same  time  thankful  to  Mr.  York  for  drawing  the 
attention  of  this  meeting  to  the  universal  system  of  rolling  gir- 
ders, which  system  without  doubt  will  be  of  far  greater  impor- 
tance in  the  future  than  it  has  been  in  the  past.  In  fact, 
the  method  now  in  voe-ue  of  rollino-  o;irders — i.  e.,  in  two-hie;!! 
or  three-high  mills — is  a  very  crude  one,  as  I  will  now  endeavor 
to  point  out. 

In  order  that  a  rolled  bar  may  pass  easily  into  the  next 
groove,  the  latter  has  always  to  be  made  somewhat  wilder  than 
the  previous  one,  and  consequently  in  this  way  sections  are  al- 
ways obtained  of  increasing  width,  and  it  is  obvious  that  under 
such  circumstances  no  pressure  can  be  exerted  upon  the  outer 
surfaces  of  the  flanges,  and  their  widths  cannot  be  much 
reduced.  Further,  only  the  inner  surfaces  lend  themselves  as 
a  point  of  attack  for  reducing  their  thickness.  By  this  process 
the  rolls  must  evidently  squeeze  themselves  between  the  inner 
surfaces  of  the  flanges,  and  scrape  the  material  down  the  inner 
face  of  the  flange,  the  edges  of  the  rolls  forming  there  a  ridge 
and  accumulating  material  in  the  corners.  This  material  must 
be  transplaced  laterally  across  the  flber,  thus  weakening  the 
tensile  strength  considerably. 

Accordingly  one  might  divide  the  rolling  of  a  girder  in  an 
ordinary  mill  into  three  distinct  stages,  viz. : 

1.  The  rolls  come  into  contact  with  the  flanges  and  begin  to 
scrape ; 

2.  The  material  is  piled  and  is  displaced  laterally ; 

3.  The  web  takes  its  form. 

Before  acting  upon  the  web  it  is  clearly  seen  that  the  flanges 
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are  nearly  fully  extended,  while  the  web  still  preserves  its 
original  length,  so  that  this  method  of  rolling  cannot  do  other- 
wise than  produce  a  great  strain  in  the  rolled  material,  and  very 
great  wear  and  tear  to  the  rolls.  Further,  this  interior  strain, 
produced  as  described  above  while  rolling,  remains  in  the 
finished  girder.  This  is  more  clearly  described  in  Mr.  Sack's 
paper  already  quoted.  In  consequence,  the  ordinary  rolled 
girders,  as  produced  up  to  the  present,  are  not  reliable,  as  a 
proof  of  which  I  may  mention  that  the  web  is  liable  to  spring 
apart  suddenly,  if  one  chips  away  the  flanges  of  a  girder  pro- 
duced under  the  ordinary  method.  Another  great  disadvan- 
tage is,  that  at  present  the  flanges  must  still  have  a  certain 
amount  of  taper  and  are  accordingly  not  parallel.  All  these 
important  disadvantages  are  entirely  obviated  by  the  Sack  uni- 
versal girder-mill,  with  which  one  can  produce  girders  with 
absolutely  parallel  flanges,  of  a  thoroughly  sound  and  naturally 
rolled  material,  which  would  be  more  suitable  and  reliable  for 
any  application  than  any  other  girder  rolled  up  to  now. 

With  the  mill  as  described  in  Mr.  York's  paper  I  do  not  see 
how  it  is  possible  to  produce  girders  with  absolutely  parallel 
flanges,  as  the  Sack  mill  will  produce,  and  I  do  not  see  how  he 
prevents  the  formation  of  fins,  or  how  he  can  arrange  his  mill 
to  operate  in  any  ordinary  stand  of  housings,  whereas  Mr. 
Sack's  mill  can  be  adapted  for  an  ordinary  pair  of  housings, 
which  can  be  used  either  for  the  ordinary  or  for  the  universal 
system  of  rolling  girders — i.  e.,  with  four  rolls  lying  in  the 
same  plane. 

I  am  prepared  to  show  the  feasibility  of  this  to  any  gentleman 
present  at  the  meeting,  who  may  care  to  visit  Mr.  Sack's 
works,  near  Diisseldorf,  Avhere  the  old  model  of  the  year  1888 
can  be  seen  working,  while  I  may  further  mention  that 
Mr.  Sack  is  at  present  building  a  universal  girder  rolling-mill 
after  his  system,  which  I  expect  will  shortly  be  running. 
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Comparison  of  American  and    Foreign   Rail-Specifications, 

With  a  Proposed  Standard  Specification  to  Cover 

American  Rails  Rolled  for  Export. 

A  Discussion  of  the  paper  of  Albert  Ladd  Colby,  p.  576. 

E.  Windsor  Richards,  London,  England : — In  reading  this 
paper  the  most  interesting  point  to  me  was  the  question  of  the 
maximum  percentage  of  phosphorus  allowable  in  the  steel  rail. 
Mr.  Colby  said,  and  we  will  all  agree  with  him,  that  the  engi- 
neer knew,  and  even  a  steel-rail  maker  grants  that  phosphorus 
is  the  most  undesirable  constituent  of  steel.  "We  in  England 
have  been  for  a  long  time  considering  a  specification  for  the 
supply  of  steel  rails.  This  matter  has  been  taken  up  by  the 
Institution  of  Civil  Engineers,  the  Mechanical  Engineers,  the 
Iron  and  Steel  Institute,  the  Institute  of  Naval  Architects,  and 
the  Electrical  Engineers.  Committees  have  been  formed,  and  the 
whole  matter  has  received  most  careful  attention.  They  arrived 
at  last  at  an  analysis  which  I  will  read :  "  The  carbon  is  to  be 
from  0.35  to  0.5  per  cent.;  the  manganese  from  0.7  to  1.0  per 
cent. ;  the  silicon,  not  to  exceed  0.10  per  cent. ;  phosphorus, 
0.07 ;  and  sulphur,  0.07  per  cent."  As  to  the  phosphorus,  which 
is  the  most  important  point  of  all  in  the  analysis,  we  have  for 
many  years,  and  indeed  until  very  lately,  always  agreed  to  supply 
steel  which  would  not  contain  above  0.06  per  cent,  of  phos- 
phorus. Iron-ores  are  not  quite  as  good  now  as  they  were 
formerly,  and  the  manufacturers  at  the  meetings  of  the  commit- 
tees referred  to,  tried  to  obtain  an  increase  in  the  allowance  of 
phosphorus.  They  asked  the  Sub-Committee  to  agree  to  0.08 
per  cent,  of  phosphorus.  They  tried  all  they  possibly  could  to 
obtain  that ;  but  they  failed.  English  engineers  in  Great  George 
Street  and  all  over  England,  representing  the  important  Associa- 
tions I  have  mentioned,  would  only  agree  to  0.07  per  cent,  and 
that  is  the  maximum  allowance  of  phosphorus.  Mr.  Colby  is  an 
able  advocate,  but  with  all  his  ability  he  would  not  have  been 
able  to  persuade  the  English  engineers  to  agree  to  0.08  per  cent. 
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Mr.  Colby  very  ably  advocates  that  the  Americans  at  any  rate 
can  agree  to  0.10  or  0.11  per  cent,  of  phosphorus.  English  en- 
gineers consider  that  that  is  a  percentage  much  too  high,  and 
will  not  agree  to  it  on  any  terms  whatever.  And  so  I  think 
that  we  will  have  to  be  content  with  0.07  per  cent,  on  this  side 
of  the  water.  Mr.  Colby  tells  us  that  it  is  impossible  for  Ameri- 
can railmakers  to  produce  rails  under  0.10  per  cent.  Such  rails 
would  not  be  received  in  Great  Britain.  I  do  not  think  in  the 
other  points  of  the  analysis  there  is  very  much  difference  be- 
tween us.  Mr.  Colby  gave  the  chemical  composition  (refer  to 
page  612  of  this  volume  of  the  Transactions)^  which,  with  the 
exception  of  phosphorus,  I  think  our  Standards  Committee 
would  agree  to  ;  but  I  think  the  question  as  to  the  amount  of 
phosphorus  allowable  in  a  steel  rail  is  the  most  important  of  all 
and  perhaps  the  one  which  will  be  discussed  more  to-day  than 
any  other. 

R.  Price- Williams,  London,  England  : — Mr.  Colby  very 
kindly  sent  me  a  copy  of  this  interesting  and  valuable  paper, 
which  I  should  much  like  to  see  in  the  hands  of  some  of 
the  chief  railway  engineers  in  this  country.  I  observe  from 
the  comparisons  made  in  it  of  the  American  and  foreign  steel 
rail  specifications,  that  the  physical  tests  vary  a  great  deal,  and 
among  them  the  most  notable,  and  in  my  opinion  the  most  ob- 
jectionable, are^  some  of  the  "  drop-tests,"  which  are  extrava- 
gantly disproportionate  to  the  force  of  impact  a  steel  rail  is 
ever  subjected  to  on  a  railway,  and  the  requirement  of  such 
needlessly  severe  tests  necessarily  involves  a  considerable  re- 
duction in  the  percentages  of  phosphorus  and  carbon,  in  order  to 
secure  the  material  from  any  risk  of  fracture  from  brittleness. 
With  regard  to  the  chemical  tests,  a  long  list  of  the  results  of 
which  is  given  in  the  paper,  a  close  agreement  is  observable 
in  the  percentages  of  the  requisite  constituents  of  the  material 
for  the  manufacture  of  steel  rails  of  the  best  quality,  so  far,  at 
least,  as  regards  strength,  elasticity,  and  freedom  from  brittle- 
ness and  risk  of  fracture.  J^o  reference,  however,  is  made  in 
this  or  indeed  in  any  other  paper  on  the  subject  I  have  seen  of 
late  years,  to  another  important  quality  in  a  steel  rail  which, 
from  the  railway  company's  point  of  view,  has  of  late  years  de- 
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served  a  great  deal  more  attention  than  it  has  received — viz., 
its  durability  and  capability  of  withstanding  the  destructive  ef- 
fects of  tjie  enormous  development  of  railway  traffic,  more 
especially  in  the  increased  weight  and  speed  of  the  trains, 
which  has  occurred  during  the  40  years  which  have  elapsed 
since  the  first  Bessemer  steel  rails  were  laid  down  in  "  the 
running  roads  "  of  British  railways.  It  was,  in  fact,  the  much 
more  durable  quality  of  the  material  which,  in  spite  of  its  then 
much  higher  price,  so  quickly  led  to  its  general  adoption  as 
the  best  and  most  durable  material  for  the  permanent-way  of 
railways. 

In  this  connection  I  should  mention  that  in  the  early  days  of 
Bessemer  steel  manufacture,  in  which  I  was  engaged,  I  gave  a 
great  deal  of  attention  to  the  question  of  the  durability  of  the 
material,  and  in  the  paper  I  read  at  the  Institution  of  Civil  En- 
gineers I  gave  particulars  of  the  actual  amount  of  wear  of  the 
rail-heads  of  a  number  of  steel  rails  laid  down  on  portions  of 
the  Great  Northern  Railway,  where  they  had  been  subjected  to 
the  destructive  effects  of  the  keenest  traffic  during  a  period  of 
about  eight  years,  the  live  and  dead  weight  tonnage  of  which 
had  been  carefull}'  ascertained  by  the  then  chief  engineer,  Mr. 
R.  Johnson,  M.LC.E.  A  chemical  analysis  was  also  made  of 
the  constituents  of  some  of  the  rails  which  showed  the  least  and 
the  maximum  amount  of  wear,  and  portions  of  those  rails  were 
subsequently  subjected  to  physical  tests  at  Kirkaldys.  The  re- 
sults given  in  the  paper  show  that  the  rails  which  have  suffered 
the  least  amount  of  wear  of  the  rail-head  are  those  containing 
a  larger  percentage  of  phosphorus  than  is  now  generally  adopted 
as  a  maximum  in  British  specifications,  which,  as  Mr.  Windsor 
Richards  has  just  stated,  is  0.07  per  cent. ;  and  coming  as  this 
does  from  him,  with  the  weight  of  his  great  experience  and  au- 
thority as  a  manufacturer  of  steel  rails,  that  percentage  must 
be  accepted  as  about  the  maximum  which  in  this  country  is  con- 
sidered essential  to  insure  the  steel  rail  from  any  risk  of  frac- 
ture due  to  the  brittleness  of  the  material. 

The  maximum  percentage  of  phosphorus,  however,  as  given 
in  the  long  tabulated  list  of  American  specifications,  is  con- 
siderably larger  than  is  considered  justifiable  in  the  specifica- 
tions in  this  country,  and  in  many  cases  a  maximum  of  0.10 
per  cent,  is  specified.    It  is  remarkable  that  the  Great  Northern 
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rail  which  in  a  period  of  nearly  eight  years  showed  the  least 
amount  of  0.12  in.  of  wear  of  the  top  table,  after  ha%nng  been 
subject  to  a  traffic  of  59f  million  tons,  contained  just  that 
amount  of  0.10  per  cent,  of  phosphorus.  It  is  also  well  worthy 
of  note  that  it  Avas  a  distinguished  American  engineer,  Mr. 
Chanute,  an  honorary  member  of  the  Institution  of  Civil  Engi- 
neers, who  first  drew  attention  to  the  greater  endurance  of  the 
Great  Xorthern  steel  rails  alluded  to  which  contained  the 
higher  percentages  of  phosphorus,  which  led  to  his  adoption  of 
the  phosphor  unit  as  a  standard. 

The  maximum  percentage  of  phosphorus  observable  in  the 
American  specifications  is  0.10  per  cent.,  as  already  stated,  and 
the  minimum  0.07,  the  exact  maximum  percentage  adopted  in 
this  country.  It  would  be  interesting  to  know  the  amount  of 
wear  of  the  rail-heads  or  top  tables,  and  of  the  traffic  tonnage 
which  had  produced  it,  in  the  case  of  some  of  the  American 
rails  containing  the  maximum  and  the  minimum  percentages  of 
phosphorus.  The  results,  however,  obtained  from  the  Great 
Northern  rail-tests  sufficiently  show  that  although,  when  devoid 
of  any  phosphorus,  a  steel  rail  is  rendered  less  liable  to  the  risk 
of  fracture  from  an  excess  of  it,  the  presence  of  some  moderate 
percentage,  as  yet  indefinite,  certainly  has  the  effect,  as  Mr. 
Chanute  has  pointed  out,  of  very  largely  increasing  the  dur- 
able quality  of  the  material. 

To  insure  immunity  from  any  risk  of  fracture  is  obviously 
the  primary  object  of  all  steel-rail  specifications.  With  the 
long  and  valuable  experience  we  now  have,  its  serviceable  life 
as  measured  by  time  is  now  quite  an  easy  matter,  What  is 
most  needed  now  is  the  means,  equally  available,  as  in  the  case 
of  the  Great  Northern  rails,  of  ascertaining  the  serviceable  life 
of  these  American  rails  as  measured  by  the  actual  amount  of 
wear  of  the  rail-heads  of  those  containing  the  maximum  and  the 
minimum  percentages  of  phosphorus,  together  with  the  amount 
of  the  traffic  tonnage  w^iich  caused  it. 

There  can  be  no  question  that  the  wear  of  steel  rails  subjected 
to  the  destructive  effects  of  the  great  increase  in  the  weight 
and  speed  of  the  main-line  traffic  of  the  principal  railways  in 
this  country  is  far  greater  than  is  generally  supposed,  as  is  tes- 
tified in  fact  by  the  results  of  the  tests  of  the  Great  Northern 
rails,  already  alluded    to,  where  in  some    cases    as  much   as 
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0.5  in.  of  the  rail-heads  was  worn  away  in  the  short  space  of 
about  eight  years  (practically  the  serviceable  life  of  the  rail  as 
measured  by  the  traffic  tonnage  and  amount  of  wear  of  the  rail- 
head), while  other  rails  almost  adjoining  them,  and  subject  to 
the  like  amount  of  traffic  tonnage,  and  possessing  all  the  other 
requisite  qualities  to  insure  safety  from  fracture  of  the  material, 
experienced  only  one-fourth  the  amount  of  wear.  Under  these 
circumstances  it  is  a  matter  of  great  importance  from  the  rail- 
way company's  point  of  view  that  only  steel  rails  possessing  the 
highest  qualities  of  durability  consistent  with  those  for  insuring 
security  from  risk  of  the  fracture  of  the  rail,  should  be  used, 
and  thus  maximum  serviceable  life  obtained. 

There  is  everything  to  indicate  that  with  some  slight  modifi- 
cation of  the  percentages  of  the  constituents  of  the  material, 
a  rail  of  at  least  as  high  or  even  a  higher  quality  of  dura- 
bility than  that  attained  in  the  case  of  the  Great  Northern  may 
soon  be  regarded  as  an  essential  requirement  in  all  steel-rail 
specifications. 

The  annual  cost  of  the  maintenance  and  renewal  of  the  per- 
manent-way of  the  principal  railway  systems  in  Great  Britain 
constitutes  a  large  item  of  the  working  expenditure ;  and  taking 
the  London  &  IsTorth-Western  Railway,  the  premier  railway,  by 
way  of  illustration,  it  amounted  in  1904  to  considerably  more 
than  half  a  million,  or  just  one-seventh  of  the  entire  working  ex- 
penditure. It  is  scarcely  necessary  to  say,  that  anything  like  an 
approach  to  an  increased  durability  of  steel-rail  material,  such 
as  mentioned  in  the  case  of  the  Great  INTorthern  rails,  would 
largely  contribute  to  the  reduction  of  the  working  expenditure 
of  that  and  most  of  the  other  great  railway  systems,  which  has 
now  reached  the  exceptionally  high  figure  of  from  63  to  64  per 
cent,  of  their  gross  traffic  receipts. 

F.  W.  Harbord,  London,  England : — As  to  this  question 
of  phosphorus,  we  all  agree  that  a  specification  should  be 
drawn  so  that  manufacturers  can  conform  to  it,  and,  if  the 
position  in  respect  to  ores  in  America  is  such  that  0.1  per  cent, 
of  phosphorus  is  the  minimum  that  they  can  give  in  their  rail- 
steel,  it  is  only  reasonable  that  this  limitation  should  be  made. 
In  England  I  think  we  may  say  that  the  manufacturers  are  in 
a  rather  happier  position,  inasmuch  as  they  can  work  regularly 
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and  systematically  Avithoiit  any  great  trouble  to  a  specification 
of  0.08  per  cent,  of  phosphorus,  and  if  they  can  do  this,  there 
is  no  reason  why  the  limit  should  be  raised  to  0.10  per  cent. 
I  think  0.08  per  cent,  is  a  more  reasonable  limit  than  0.07  per 
cent.,  but  still  the  powers  that  be  have  settled  upon  0.07  per 
cent,  and  I  think  we  can,  by  taking  great  care,  work  to  that.  I 
take  it  that  this  0.10  per  cent,  phosphorus  limit  refers  to  the  Bes- 
semer process,  but  now  that  the  basic  open-hearth  process  is  com- 
ing largely  into  use  in  America,  there  should  be  no  difiiculty 
in  making  rails  0.08  per  cent.,  or  less  if  required.  The  ques- 
tion of  manufacture  has  an  important  bearing  upon  the  carbon, 
and  I  think  that  it  is  a  great  pity  that  the  content  of  carbon  in 
reference  to  manufacture  has  not  been  dealt  with  in  specifica- 
tions. My  experience  is  that  with  a  given  content  of  carbon 
we  get  a  different  degree  of  hardness,  depending  largely  upon 
the  method  of  manufacture — that  is  to  say,  a  basic  open-hearth 
rail  of  0.50  per  cent,  of  carbon  is  distinctly  softer  than  a  steel  rail 
made  by  the  acid  process.  So  that  for  the  basic  open-hearth  rail 
we  can  take  a  higher  carbon  with  lower  phosphorus,  and  still 
be  within  the  region  of  safety.  I  have  had  lately  some  rails 
brought  under  my  notice  which  gave  most  excellent  drop-test 
results,  containing  from  0.6  to  0.7  per  cent,  carbon,  made  by  the 
basic  open-hearth  process.  This  question  of  the  influence  of 
manufacture  will  have  to  be  considered,  as  otherwise  if  we  have 
the  same  carbon-content  for  basic  open-hearth  as  we  have  been 
accustomed  to  specify  for  acid  steel,  we  will  get  the  rail-heads 
spreading,  and  other  troubles.  We  must  not,  therefore,  draw 
hard-and-fast  lines  by  saying  that  we  will  not  have  rails  of  a 
certain  percentage  of  carbon  without  taking  into  consideration 
the  method  of  manufacture. 

R.  A.  Hadfield,  London,  England: — I  wish  to  compli- 
ment Mr.  Colby  for  the  information  he  has  given  to  us.  We 
wanted  to  know  what  our  American  friends  were  doing ;  but  I 
think  if  Mr.  Colby  had  made  his  propositions  to  the  Standards 
Specifications  Committee  he  Avould  have  found  a  large  number 
of  English  engineers  against  him,  and  he  would  have  found 
difficulty  in  persuading  them  that  steel  containing  0.10  per  cent, 
of  phosphorus  is  a  safe  material  to  be  used.  Mr.  Colby  gives 
us  a  table  of  American  rails  not  having  been  broken,  although 
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they  contained  0.10  per  cent,  of  phosphorus.  I  woiihl  like  to 
ask  Mr.  Colby  as  to  the  remaining  constituents  present.  It  is 
quite  possible  to  have  0.10  per  cent,  of  phosphorus,  provided 
that  the  carbon  is  not  too  high,  and  the  manganese  is  suffi- 
ciently high.  M.  Euverte,  many  years  ago,  read  a  paper  in 
reference  to  the  combined  influence  of  manganese  and  phos- 
phorus upon  steel,  in  which  he  showed  that  phosphorus 
was  not  so  deleterious  as  was  thought ;  at  any  rate,  that 
was  his  opinion.  Mr.  Colby  stated  that  if  the  carbon  was 
low  we  might  push  up  the  percentage  of  phosphorus  probably 
to  the  limit  which  was  mentioned ;  but,  as  he  also  pointed  out, 
in  American  conditions,  the  higher  the  carbon,  within  certain 
limits,  naturally  the  greater  the  durability  of  the  rail.  I  do  not 
know  whether  Mr.  Colby  was  present  at  the  Xational  Physical 
Laboratory  on  Tuesday,  where  we  had  the  alternating-stress  ma- 
chinerv  at  work.  I  would  suggest  to  him  that  if  he  could  send 
some  specimens  containing  as  much  phosphorus  as  he  spoke  of, 
and  let  Dr.  Glazebrook  carry  out  the  tests  upon  steel  contain- 
ing high  phosphorus,  he  would  then  find  out  whether  it  is  a 
safe  material  when  the  carbon  is  at  the  same  time  high.  The 
paper  is  an  excellent  one.  It  has  elucidated  points  which  have 
been  under  consideration  for  the  last  few  years,  and  we  are 
very  much  indebted  to  Mr.  Colby  for  it. 

J.  E.  Stead,  Middlesbrough,  England  : — I  have  only  one 
or  two  remarks  to  make  in  reference  to  the  standard  of  phos- 
phorus in  rails.  I  think  chemists  and  metallurgists  in  this 
country  are  all  agreed  that  if  they  raise  the  carbon,  the  effect  of 
phosphorus  becomes  more  and  more  pronounced.  I  cannot  go 
into  the  reasons  for  it  on  this  occasion,  but  they  are  pretty  well 
known  scientifically.  If  we  raise  the  carbon  we  must  lower 
the  phosphorus.  With  reference  to  the  standards  instituting 
0.10  per  cent,  of  phosphorus,  I  think  it  would  be  a  mistake  to 
make  it  so  high  in  this  country  and  for  the  United  States  of 
America,  for  the  reason  that  if  we  allow  0.10  per  cent,  in  a 
contract,  manufacturers  naturally  will  say  there  should  be  a 
swing  of  the  pendulum  with  0.10  per  cent,  as  about  the  average, 
and  they  should  be  allowed  one  or  two  points  above  0.10  per 
cent.  For  this  reason  it  is  proper  and  correct  to  place  the  basis 
low,  so  that  the  average  is  not  more  than  0.07  or  0.08  per  cent. 
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But  I  think  we  would  be  very  ill-advised  to  reject  rails  if  the 
limit  exceeded  in  one  particular  rail,  or  a  few  rails,  0.07  or 
0.08  per  cent,  provided  the  other  elements  are  not  very  high  or 
in  objectionable  proportion;  then  0.10  per  cent,  even  might  be 
allowed  without  rejection.  I  find  that  as  regards  broken  rails, 
high  manganese  causes  more  fractures  than  phosphorus.  High 
manganese  and  high  carbon  together  are  very  treacherous,  and 
while  high  manganese  makes  the  rails  brittle  if  they  were  rolled 
and  cooled  on  a  cold  winter's  day,  yet,  if  rolled  in  the  summer, 
and  the  rate  of  cooling  retarded,  they  would  most  probably  be 
all  right,  and  wear  better  than  rails  of  normal  composition. 
Manganese  should  not  exceed  1  per  cent,  in  rails.  I  think  that 
metallurgists  do  not  pay  sufficient  attention  to  the  effect  of 
manganese  in  rails,  and  sometimes  the  brittleness  is  put  down  to 
the  phosphorus  instead  of  to  the  high  manganese. 

James  E.  York,  New  York,  N".  Y. : — As  a  boy  I  was  as- 
sociated with  the  rolling  of  double-headed  rails.  I  think  the 
bull-headed  rail  had  not  been  introduced  at  that  time.  The 
physical  treatment  of  rails  has  a  great  deal  to  do  with  their 
durability.  Mr.  Stead  has  said  that  on  a  cold  day  high 
manganese  is  rather  destructive  to  the  tenacity  of  the  rail. 
Mr.  Stead  might  also  have  said  that  a  low  finishing  tempera- 
ture in  rolling  the  rail  is  also  detrimental  to  its  physical 
qualities  from  the  fact  that  the  section  of  the  rail  does  not  per- 
mit of  a  uniform  flow  of  metal  at  the  same  surface  speed  per 
minute  throughout  the  section.  That  condition  is  apt  to  leave 
an  internal  stress  in  the  rails,  which  may  thus  yield  to  a  sud- 
den blow  in  the  track.  That  applies  in  a  much  greater  degree 
to  the  rolling  of  a  T  or  Vignoles  rail,  as  used  in  America  and 
elsewhere,  than  it  does  to  a  double-headed  or  bull-headed  rail 
as  used  in  England,  from  the  fact  that  in  the  double-headed  or 
bull-headed  rail  both  the  base  and  the  head  are  generally  of 
the  same  width,  thus  permitting  a  more  uniform  flow  of  metal 
in  the  rolling.  That,  in  my  opinion,  accounts  for  the  less  fre- 
quent fractures  in  the  double-headed  or  bull-headed  rail  than 
in  the  T-rail.  I  wish  to  ask  why  it  is  that  rails  in  Great  Brit- 
ain do  not  break  to  such  a  degree  as  the  T-rails  of  the  United 
States  of  America.  In  my  opinion  it  is  entirely'  owing  to  the 
difference  in  the  shape  of  the  two  rails.    If  the  rails  are  rolled  at 
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a  low  temperature,  so  as  to  get  the  best  physical  results  through 
securing  the  fining  of  the  grain,  the  result  is  an  unnatural 
stress  left  to  a  greater  extent  in  a  T-rail  than  in  a  double- 
headed  rail,  because  of  the  difference  of  the  uniform  flow  of 
metal  during  rolling.  To  illustrate  that,  I  would  point  out  that 
the  diameter  of  the  roll  to  form  the  web  of  a  T-rail  is  in  some 
instances  at  least  5.5  in.  larger  than  the  part  of  a  roll  which 
forms  the  extreme  width  of  the  flange.  The  result  is  that  the 
small  diameter  only  gives  off'  the  metal  at  a  much  slower  rate 
than  the  part  forming  the  web,  consequently  the  wider  part  of 
the  section  will  either  slip  or  stretch  during  the  operation,  and 
the  result  is  that  internal  stresses  are  left  inherent  in  the 
finished  section.  That  occurs  much  more  with  the  T-rail  than 
it  does  with  the  double-headed  rail  referred  to,  which  lends 
itself  to  a  more  uniform  flow  of  metal  than  the  T-rail,  during 
rolling.  An  illustration  of  that  can  be  seen  by  the  much  larger 
amount  of  crop-ends  from  a  T-rail  when  rolled,  than  from  a 
double-headed  or  bull-headed  rail,  the  conditions  as  to  ingot  or 
billet  being  the  same..  Mr.  Hunt  some  time  ago  in  one  of  his 
papers  stated  that  some  of  the  rails  made  in  Great  Britain  in 
the  early  sixties  had  proved  conclusively  that  the  heat  and 
physical  treatment  were  much  more  important  than  the  chemi- 
cal constituents.  They  were  in  the  track  in  active  service  35 
to  40  years,  and  their  durability  had  been  so  satisfactory  that  it 
was  decided  to  have  them  analyzed,  and  they  were  then  found 
to  contain  three  times  as  much  phosphorus  as  is  now  thought 
judicious,  and  also  other  impurities.  In  spite  of  that  they  had 
not  broken,  and  answered  the  purpose  for  which  they  were  pro- 
duced. Now  railroad  engineers  are  complaining  of  the  poor 
quality  of  the  rails  produced  by  modern  practice.  Railroad 
engineers  have  asked  me  what  the  cause  of  the  difference  in 
quality  between  the  rails  made  in  the  past  and  in  the  present  is, 
but,  as  I  am  not  interested  in  the  manufacture  of  rails,  I  said 
very  little  about  it.  In  my  opinion,  however,  the  good  quality 
of  the  older  rails  has  been  largely  due  to  the  mechanical  treat- 
ment of  the  metal  at  the  time  of  rolling. 

A.  Lamberton,  Sheffield,  England : — I  wish  to  refer  to 
a  point  not  touched  on  by  the  previous  speakers.  A  good 
deal  has  been  said  as  to  the  percentage  of  phosphorus  permis- 
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sible  in  rails,  and  Mr.  Colby  has  referred  to  phosphorus  as  high 
as  0.11  per  cent,  in  some  American  rails,  which  had  given  good 
results;  but  that  would  be  regarded  as  quite  unsafe  in  this  coun- 
try. I  think  the  probable  explanation  is  to  be  found  in  the  dif- 
ference in  construction  between  American  railroads  and  those 
in  this  country.  In  America  the  rails  are  invariably  of  flat- 
bottom  section,  resting  directly  on  wood  ties  placed  at  closer 
centers  than  in  British  practice.  This  form  of  construction  is 
beneficial  in  that  it  tends  to  modify  the  intensity  of  the  shock 
and  vibration  imparted  to  the  rail.  I  think  that  a  rail  with  a 
tendency  to  brittleness  would  be  likely  to  stand  better  under 
the  conditions  due  to  this  form  of  construction  than  if  it  formed 
part  of  a  British  railroad,  where  the  rails  rest  on  hard  cast-iron 
chairs  and  the  shock  and  vibration  are  more  severe.  Cer- 
tainly rails  having  0.11  per  cent,  of  phosphorus  would  never  be 
accepted  in  Britain,  and  I  think  it  too  high,  no  matter  what 
form  is  adopted.  At  the  same  time,  I  believe  it  might  be  less 
objectionable  in  the  American  system  of  construction  than  in 
the  British. 

Egbert  W.  Hunt,  Chicago,  111. : — I  am  convinced  that  the 
process  of  manufacture  in  America  will  be  forced  to  change 
owing  to  ore  conditions,  and  I  believe  that  in  a  very  few  years 
the  question  of  limitation  of  phosphorus  will  lose  its  significance 
in  the  country.  At  the  present  time,  however,  it  exists.  There 
is  a  great  deal  of  clifterence  of  opinion  about  it.  A  great  or- 
ganization, the  Engineering  and  Maintenance  of  Way  Associa- 
tion, composed  practically  of  all  the  representatives  of  the  rail- 
roads of  the  country,  has  adopted  a  specification  in  which  they 
limit  the  phosphorus  to  less  than  is  proposed  in  the  paper. 
It  is  not  fair,  however,  to  say  that  the  American  Society  of 
Civil  Engineers  have  committed  themselves  to  that  position,  be- 
cause as  the  report  of  their  Special  Committee  on  Rails  has  not 
yet  been  accepted  by  that  Society,  its  position  cannot  be  as- 
sumed. 

E.  F.  Kenney,*  Philadelphia,  Pa.  (communication  to  the 
Secretary!)  • — The  author  has  certainly  been  misinformed  re- 

*  Engineer  of  Tests  of  the  Pennsylvania  Kailroad  Company, 
t  Received  .July  13,  1906. 
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gardiiig  the  rail  situation  on  American  railroads.  Very  con- 
vincing testimony  has  been  furnished  to  both  the  American 
Society  of  Civil  Engineers  and  the  American  Railway  En- 
gineering and  Maintenance  of  Way  Association,  showing  that 
nearly  every  American  railroad  having  heavy  traffic  is  suti'ering 
greatly  from  broken  rails.  The  rails  are  not  giving  satisfaction 
as  to  wear ;  and  any  attempt  to  improve  the  wear  by  making 
the  rails  harder  is  met  by  a  crop  of  brittle  rails.  This  brittle- 
ness  is  caused  by  high  phosphorus.  Rails  with  lower  phosphorus 
have  been  made,  in  which  carbon  was  quite  high,  thereby 
getting  much  better  wearing-qualities  without  being  brittle ; 
but  as  long  as  the  phosphorus  is  kept  up  around  0.1  per  cent, 
it  will  be  impossible  to  get  rails  which  will  wear  well  without 
being  dangerous.  Far  from  being  what  the  author  seems  to 
think  it,  the  brittle  rail  is  one  of  the  most  important  subjects 
before  American  railroads  to-day.  Phosphorus  is  an  unmixed 
evil ;  and  any  reduction  in  phosphorus-content  will  mean  much 
to  the  users  of  the  rail,  both  as  to  wear  and  safety.  If  the  soft- 
ness asked  for  in  the  foreign  rails  is  required  for  safety,  raising 
the  phosphorus-content  will  necessitate  lowering  the  carbon,  to 
get  equal  insurance  against  brittleness.  The  arguments  in 
favor  of  raising  the  allowable  phosphorus-content  are  not  sound. 
Careful  heating  and  lower  finishing-temperature  might  over- 
come a  difference  of  0.02  in  phosphorus  if  the  lower-phosphorus 
rail  had  been  heated  too  high  and  finished  too  hot;  but  there 
is  no  reason  why  the  low-phosphorus  should  not  be  as  well 
heated  and  finished  as  the  high-phosphorus  material. 

Moreover,  there  is  small  likelihood  of  getting  rails  well-heated 
and  finished  under  the  proposed  specifications.  They  contain 
no  limitation  whatever  of  the  finishing-temperature,  so  that  cold- 
finishing  is  not  likely  to  be  obtained.  The  recent  American 
specifications  all  fix  a  maximum  shrinkage  allowance  to  regu- 
late this,  but  it  is  steadily  opposed  by  the  manufacturers. 

The  proposed  specifications  make  no  mention  of  hot-straight- 
ening. This  is  most  unfortunate,  since  many  of  the  broken 
rails  reported  by  American  roads  can  be  traced  directly  to 
injuries  received  in  straightening.  The  hot-straightening  is 
often  carelessly  done.  The  rails  come  down  to  the  straighteners 
in  very  bad  shape,  which  necessitates  a  great  deal  of  severe 
gagging  in  the  straightening-presses.     This  evil  has  attained 
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such  proportions  that  I  have  proposed  the  specification  of 
a  maximum  camber  for  rails  arriving  at  the  straightening- 
presses,  and  the  requirement  that  all  rails  having  a  greater 
camber,  or  having  sharp  kinks,  be  marked  as  No.  2  in  quality 
before  being  straightened,  and  only  accepted  as  such.  This 
requirement  has  been  accepted  by  the  American  Society  of  Civil 
Engineers  Committee  on  Rails,  and  incorporated  in  their  speci- 
fications. It  has  also  been  adopted  by  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  and  put  in 
their  specifications.  A  little  more  attention  paid  to  hot-straight- 
ening will  reduce  greatly  the  number  of  rails  ruined  in  the  gag- 
presses. 

The  word  "  sufficient "  in  Clause  (e),  relating  to  the  cropping, 
should  be  qualified  to  make  it  more  definite.  It  has  been  used 
in  most  American  specifications  until  recently,  and  has  been 
uniformly  interpreted  by  the  makers  to  mean  "  sufficient  from 
their  point  of  view."  The  inspector  at  the  mill  has  no  voice  in 
the  matter.  All  that  is  now  done  in  shearing  is  to  cut  away 
the  material  until  no  black  spots  are  shown  when  the  bloom  is 
cut  through.  There  is  no  attempt  to  remove  the  zoile  of  greatest 
segregation  and  Unsoundness.  This  is  not  sufficient  to  insure 
sound  material,  and  makers  know  it;  yet  they  oppose  the 
specification  of  a  definite  discard.  A  certain  percentage  of  the 
whole  ingot  should  be  specified  as  the  minimum  discard  from 
the  top. 

W.  E.  Freir,  London,  England  (communication  to  the  Sec- 
retary*) : — The  presentation  of  Mr.  Colby's  paper  affords  an 
opportunity  for  bringing  forward  a  matter  which  is  of  very 
great  importance,  and  which  is  causing  much  anxiety  in  almost 
every  town  of  the  United  Kingdom  and  the  Continent  of  Europe, 
as  well  as  in  many  American  cities.  I  refer  to  what  is  termed 
the  "  corrugation  "  of  tramway-rails.  In  the  French-speaking 
countries  these  corrugations  are  styled  "  les  ondulatoires,"  and. 
tha  Germans  refer  to  "  wave-like  wear."  By  whatever  name 
they  are  known,  however,  these  corrugations  represent  not 
merely  a  nuisance  to  the  tramway  engineer  or  manager,  but 
also  a  source  of  monetary  loss,  which  is  of  the  greatest  moment 
to  the  corporations  and  companies  owning  or  working  the  tram- 
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ways.  The  cause  of  these  corrugations  is  at  present  shrouded 
in  mystery,  and  although  any  number  of  theories  have  been 
put  forward,  not  one  of  them  seems  to  be  able  to  withstand 
serious  practical  tests.  The  subject  was  first  brought  to  notice 
in  The  Light  Railway  and  Tramway  Journal  in  December,  1903, 
and  January  and  February,  1904,  when  various  theories  were 
propounded  as  to  the  cause,  including  contributions  by  Mr. 
J.  E.  Stead,  and  several  American  engineers.  In  1904  the 
question  was  discussed  in  Germany  by  Von  Borries,  Scheibe, 
Schwarbach,  and  others,  and  it  was  also  found  that  under  the 
guise  of  "  roaring  "  rails,  the  defect  was  quite  rampant  on  many 
of  the  lines  of  railway  in  India.  More  recently  the  subject  has 
again  been  taken  up  very  fully  by  The  Light  Railway  and  Tram- 
way Journal,  and  there  can  be  no  question  that  it  deserves  the 
attention  of  rail  manufacturers  generally,  seeing  that,  to  the 
tramways  of  the  world,  it  involves  the  possible  expenditure  of 
many  millions  of  money  for  the  replacement  of  faulty  rails,  and 
that  without  any  guarantee  that  the  mischief  may  not  recur 
on  the  new  rails. 

The  theories  which  have  been  put  forward,  as  to  the  cause 
of  these  corrugations,  are  so  numerous  that  they  cannot  very 
well  be  enumerated,  but  that  which  is  of  most  interest  to  metal- 
lurgists, and  particularly  to  rail  manufacturers,  is  that  which 
attributes  the  trouble  to  faults  in  manufacture,  arising  either 
through  segregation  in  the  ingots,  improper  rolling,  or  an  in- 
correct finishing-temperature  when  rolling.  Certain  contri- 
butions read  before  this  Institute,  and  other  technical  bodies, 
lend  some  color  to  the  idea  that  the  fault  may  be  originated 
during  the  process  of  manufacture,  but,  on  the  other  hand,  there 
are  many  facts  which  lead  to  the  conclusion  that  the  corrugations 
are  in  no  sense  due  to  the  composition  of  the  steel  or  its  man- 
ipulation. Then  there  are  those  who  attribute  the  mischief  to 
the  insufificiency  of  the  carbon,  or  to  too-great  percentages  ot 
manganese.  The  average  weight  of  tramway-rails  (girder  sec- 
tion) in  this  country  is  90  to  100  lb.,  and  the  general  specifica- 
tion calls  for  carbon,  0.35  to  0.5 ;  manganese,  0.7  to  1.0  ;  silicon, 
not  over  0.10  (generally  0.07  or  0.08);  phosphorus,  not  over 
0.07;  and  sulphur,  0.07  per  cent.  This,  it  will  be  seen,  gives 
a  fairly  soft  rail — softer  at  all  events  than  the  street-railway 
rails  (T-section)  mostly  used  in  the  United  States ;  but  there 
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would  not  seem  to  be  anything  in  the  analysis  which  should 
lead  to  the  trouble  under  discussion.  Nor  is  it  easy  to  attribute 
the  fault  to  the  method  of  laying  the  rails.  The  theory  that 
the  use  of  the  rails  as  the  return  half  of  the  electrical  circuit 
causes  the  corrugations,  is  disposed  of  by  the  fact  that  corruga- 
tions exist  equally  on  cable-  and  steam-tramways,  where  no 
current  is  used.  In  the  same  way  the  hypothesis  that,  as  almost 
all  tramway-rails  are  made  of  Bessemer  basic  steel,  therefore 
the  process  is  responsible,  is  also  dismissed  by  the  existence 
of  the  faults  on  rails  made  of  Bessemer  acid  steel.  Tramway 
girder-rails  in  the  United  Kingdom  are  laid  on  a  bed  of  con- 
crete, and  anchored  down  in  the  most  rigid  manner  possible, 
fished  and  bonded  at  the  joints,  with  no  allowance  whatever 
for  expansion — contrary  to  the  suspended  flexible  joints  of 
railway  practice.  Yet  the  "  roaring  "  rails  appear  in  India,  on 
the  ordinary  railways,  and  corrugations  show  in  all  sorts  of 
places,  on  up-grades  and  on  down-grades,  on  straight  line  and  on 
curves,  and  on  electric  railways  with  bull-headed  rails,  but  only, 
in  this  instance,  where  check-rails  are  used.  The  literature  of 
the  subject  is  rather  meager,  being  practically  confined,  in  this 
country,  to  The  Light  Railway  and  Tramway  Journal,  and  in 
Germany  to  Glaser's  Annalen  of  1904,  yet  there  can  be  no 
question  of  the  high  importance  of  the  matter,  and  that  it  is 
one  which  merits  the  attention  of  the  Iron  and  Steel  Institute 
and  of  the  American  Institute  of  Mining  Engineers.  Tramway 
engineers  are  endeavoring  to  remedy  the  corrugations  by  grind- 
ing the  head  of  the  rail  with  emery  or  other  grinders,  but  this 
is  obviously  a  mere  make-shift  arrangement,  and  they  would 
welcome  any  suggestions  which  would  prevent  the  occurrence 
and  recurrence  of  the  fault.  Is  it  possible  that  a  harder  rail 
would  be  less  liable  to  develop  these  corrugations  ?  Do 
American  rails  of  90  to  100  lb.,  with  0.50  to  0.60  per  cent,  of 
carbon,  and  0.80  to  1.10  per  cent,  of  manganese,  and  phosphorus 
up  to  0.10  per  cent.,  wear  free  from  these  wave-like  depressions  ? 
Is  there  anything  in  the  idea  that  the  rigidity  of  the  tramway- 
track  is  conducive  to  the  production  of  the  mischief? 

These  are  questions  which  are  of  moment,  and  if  the  discus- 
sion on  this  paper  should  furnish  answers  to  them,  I  am  sure 
the  tramway-men  of  the  world  would  be  very  grateful  for  the 
information. 
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William  R.  Webster,  Philadelphia,  Pa.  (communication  to 
the  Secretary*): — In  this  country  rails  for  export-orders  have 
been  and  are  now  being  manufactured  and  tested  in  strict  ac- 
cordance with  all  of  the  requirements  of  some  of  the  most 
severe  specifications  referred  to  by  Mr.  Colby.  It  is  only  after 
an  engineer  has  been  convinced  that  rails  can  be  made  here 
equal  in  every  respect  to  those  he  is  getting  abroad,  that  he 
should  be  asked  to  modify  any  conditions  in  his  specifications, 
and  then  only  to  accept  such  requirements  as  have  the  indorse- 
ment of  our  railway  companies  and  engineers. 

The  standardization  of  rail-specifications  in  this  country  is 
in  very  good  hands :  the  American  Society  of  Civil  Engineers, 
the  American  Railway  Engineering  and  Maintenance  of  Way 
Association  and  the  American  Society  for  Testing  Materials 
have  each  appointed  special  committees  to  do  this  work.  Some 
of  the  members  of  these  committees  serve  on  two  committees 
and  some  on  all  three.  Much  of  the  work  has  been  done  in- 
dependently, but  the  findings  of  each  committee  have  been  con- 
sidered by  the  others,  and  joint  meetings  have  been  held.  But 
notwithstanding  all  this,  there  are  still  difiierences  in  their 
specifications  on  the  following  points,  which  are  now  under 
consideration  by  all  the  Societies  and  committees : 

Chemical  Composition. — One  of  the  committees  calls  for  lower 
phosphorus  and  higher  carbon  than  are  usually  specified.  The 
second  agrees  with  this,  except  that  they  have  a  note  stating 
that  the  carbon  can  be  modified  to  suit  local  conditions.  The 
third  calls  for  higher  phosphorus  and  lower  carbon  than  the 
first,  claiming  that  equivalent  results  can  be  obtained  in  the 
rails  if  they  are  rolled  properly. 

Drop  Test. — All  of  the  committees  agree  that  the  butt  end 
of  rail  taken  for  test  shall  be  from  the  top  of  the  ingot.  Two 
of  them  agree  on  the  height  of  drop  for  each  weight  of  rail, 
and  require  a  test  from  each  heat  of  steel;  the  other  committee 
considers  one  test  from  every  fifth  heat  of  steel,  and  a  less 
height  of  drop,  suflicient,  on  account  of  rail  being  taken  from 
the  top  of  ingot. 

Discard. — Only  one  of  the  committees  considers  the  usual 
clause — "  sufiicient  discard  from  the  bloom  shall  be  made  to 
insure  sound  rails" — is  satisfactory.     The  second  asks  for  more 
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than  the  usual  amount  and  specifies  the  length  from  bloom  to 
be  discarded.  The  third  does  not  consider  this  satisfactory 
and  specifies  a  given  percentage  of  the  weight  of  ingot  to  be 
discarded,  in  order  to  cover  the  use  of  different  weights  of 
ingots. 

Temjyerature  of  Rolling — Shrinkage  Clause. — All  of  the  com- 
mittees appreciate  the  importance  of  putting  enough  work  on 
the  steel  at  a  low  temperature  to  break  up  the  coarse  structure. 
They  agree  that  the  temperature  of  the  rail  at  the  time  ot 
leaving  the  finishing-pass  is  a  fair  indication  of  how  this  work 
has  been  done,  the  other  conditions  of  rolling  being  known. 
Also,  that  the  amount  a  rail  of  given  length  contracts  or 
shrinks  after  being  cut  at  the  hot  saws,  in  cooling  to  normal 
temperature,  is  the  most  convenient  check  on  the  finishing-tem- 
perature. As  the  distance  of  the  hot  saws  from  the  rolls  var- 
ies at  the  different  mills,  the  time  between  the  rail  leaving  the 
finishing-pass  and  its  being  sawn  also  varies:  a  correction  has 
to  be  made  for  this  time,  and  has  been  agreed  on  by  all  three 
committees.  They  also  agree  on  the  difterences  in  shrinkage 
called  for  between  the  heavier  and  the  lighter  rails.  Two  ot 
them  agree  on  the  amount  of  shrinkage  to  specify  at  the  time 
of  the  rail  leaving  the  finishing-pass  and  the  other  asks  for  a 
larger  amount,  or  higher  finishing-temperature. 

As  a  member  of  the  committee  of  the  American  Society  of 
Civil  Engineers,  and  as  Chairman  of  the  other  two  committees, 
I  desire  to  state  that  an  earnest  effort  is  being  made  to  har- 
monize these  differences,  and  to  secure  rails  best  suited  to  with- 
stand the  severe  conditions  imposed  by  increase  of  wheel-loads 
and  speed  of  trains. 

It  is  expected  that  standard  specifications  will  be  agreed  on 
that  will  be  satisfactory  to  all. 

The  Standards  Committee  of  England  has,  through  its  Secre- 
tary, been  kept  advised  of  what  is  being  done  in  this  country: 
and  the  Secretary,  in  his  report  on  the  visit  to  the  United  States 
in  1904,  refers  to  the  work  as  follows : 

"  In  regard  to  the  unification  of  specifications  between  the  two  countries,  there  is 
no  doubt  that  a  closer  co-operation  between  our  Committee  and  tlie  American  vSociety 
for  Testing  ^Materials  would  lead  to  a  harmonizing  of  methods  of  testing,  and  where 
the  practice  permitted  it,  of  specifications.  The  essential  diilerences  in  practice 
existing  in  the  two  countries  will  prevent  any  complete  harmonization  of  sections 
and  specifications;  but  there  are  many  points  upon  which  co-operation  might  be 
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secured,  to  the  mutual  advantage  of  both  countries.  This  could  be  assisted  by 
more  complete  interchange  of  views  between  the  Engineering  Standards  Committee 
and  the  American  Society." 

C.  S.  R.  Palmer,  London,  England  (communication  to  the 
Secretary*) : — The  paper  contributed  by  Mr,  Colby  I  under- 
stand to  be  written  for  the  purpose,  not  of  pointing  out  what 
is  good  or  bad  in  the  analysis  and  manufacture  of  rails,  but 
of  drawing  attention  to  points  in  specifications  he  has  seen 
which  cause  needlessly  extra  expense  in  manufacture,  such 
expense  falling  ultimately  on  the  clients  of  the  drawer  of  the 
specifications. 

It  is  unquestionable,  of  course,  that  some  of  the  safeguards 
he  draws  attention  to  are  now  unnecessary,  because  of  the  pos- 
sibility of  attaining  greater  certainty  in  the  methods  of  manu- 
facture. But  this  advance  in  certainty  of  method  has  been 
accompanied  by  the  possibility  of  much  greater  rapidity  of 
manufacture  than  previously  obtained,  with  the  net  result  in 
some  cases  that  enough  work,  physical  and  mental,  is  not  put 
into  the  rails;  and,  moreover,  there  is  a  third  possibility — viz., 
of  work  being  slurred  over,  owing  to  the  checks  or  tests  being 
few. 

In  this  connection,  it  has  to  be  remembered  that  a  reduction 
of  price  on  the  rails  of  10  per  cent,  at  the  mills  will  work  out 
to  probably  not  more  than  6  per  cent,  on  the  rails  laid  in 
the  road  abroad,  and  probably  not  over  2  per  cent,  of  the 
whole  cost  of  the  very  cheapest  of  railways.  This  small  saving 
would  be  dearly  bought  if  the  life  of  the  resulting  permanent- 
way  were  at  all  reduced. 

The  matter,  however,  is  one  of  considerable  interest  to  me, 
and  attention  is  therefore  drawn  briefly  to  some  main  points  in 
Mr.  Colby's  proposals  which  would  tend  to  prevent  the  com- 
petition he  presses  for,  since  these  points,  as  well  as  sundry 
others,  either  give  the  manufacturer  undesirable  latitude  or 
curtail  the  rights  of  the  purchaser  and  his  engineer  to  an 
extent  that  it  would  not  pay  the  purchaser  to  accept. 

Taking  first  that  most  objectionable  element  in  steel — viz., 
phosphorus — Mr.  Colby  urges  acceptance  of  a  percentage  of 
0.10,  against  0.07  usually  allowed  in  Europe,  and  at  the  same 
time  he  also  urges  reduction  of  the  amount  of  drop-testing 
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to  one-half  of  that  considered  necessary  in  Europe  and  by  some 
American  railways.  It  might  be  possible  as  a  matter  of  econ- 
omy to  ease  one  or  the  other,  but  surely  not  both  conditions ; 
that  is  to  say,  it  might  be  possible  to  accept  the  higher  phos- 
phorus, but,  in  my  opinion,  only  when  accompanied  by  a  rigid 
drop-test  on  a  piece  from  the  top  of  the  ingot  of  every  heat — 
the  top,  that  is,  after  the  specified  proportion  of  the  ingot  has 
been  discarded.  Moreover,  acceptance  of  the  higher  phos- 
phorus with  the  carbon-percentage  (higher  and  not  lower  than 
Mr.  Colby's  in  the  smaller  sections)  allowed  in  England  would 
make  for  the  necessity  of  greater  rigidity  in  adherence  to 
analyses  and  of  not  less  frequent  analyses. 

Further,  in  connection  with  the  quality  of  the  rail,  is  the 
question  of  the  finishing-temperature  and  the  amount  of  work 
therefore  put  into  the  rail.  This  does  not  appear  to  have  been 
touched  on  in  the  paper  anywhere,  and  I  would  be  glad  of  the 
author's  remarks  on  the  point.  Assuming  too  that  the  tem- 
perature is  sufiiciently  low  for  good  work,  is  not  an  allowance 
of  3^ in.  each  way  in  a  33-ft.  rail  sufficient  for  hot  sawing? 

Moreover,  from  the  point  of  view  of  the  purchaser  seeking 
economy,  there  is  an  objection  to  his  being  called  on  to  pay  for 
a  greater  weight  than  he  contracted  to  buy.  Thus,  while  it  is 
reasonable  to  give  the  manufacturer  a  rolling-margin  both 
ways  in  weight,  it  is  hardly  right  and  certainly  not  economical 
for  the  purchaser  to  take  the  risk  of  having  to  pay  for  over- 
weight, more  especially  remembering  that  0.5  per  cent,  excess 
of  cost  at  the  mill  means  from  0.75  to  1  per  cent,  excess  of  cost 
in  the  road  abroad.  Similarly,  as  regards  accepting  short  rails 
as  part  of  the  tonnage  contracted  for,  it  should  be  remembered 
that  the  amount  of  short  rails  recommended  by  the  author 
would  mean  1  per  cent,  extra  joints  in  the  line,  with,  of  course, 
the  corresponding  extra  capital-cost  of  jointing,  and  of  sleepers, 
and  of  maintenance.  Yet  again,  why  should  the  purchaser  be 
called  on  to  accept  seconds  in  addition  to  the  tonnage  con- 
tracted for  ?  Will  it  pay  him  to  be  left  in  doubt  as  to  what 
quantity  the  manufacturer's  methods  of  work,  good  or  bad  for- 
tune, may  cause  him  to  be  billed  for  ? 

Finally,  as  illustrating  a  third  class  of  objections,  attention  is 
drawn  to  the  proposal  to  curtail  the  engineer's  powers,  and,  at 
the  same  time,  to  enter  in  the  specifications  such  general  word- 
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ing  as  "  The  entire  process  of  manufacture  and  testing  shall  he 
in  accordance  with  the  best  current  practice,  "  and  "  Sufficient 
material  shall  he  discarded  or  cropped  from  the  top  of  all  ingots 
to  insure  sound  rails."  There  should  be  some  judge  in  case  ot 
dispute  between  manufacturer  and  inspector;  the  purchaser 
cannot  aiford  to  take  the  risk  of  expensive  arbitrations ;  hence 
the  English  practice  of  vesting  final  decision  in  the  specifying 
engineer,  and,  so  far  as  my  experience  gained  in  three  con- 
tinents goes,  the  practice  does  not  bear  hardly  on,  or  alter- 
natively in  favor  of,  either  purchaser  or  vendor, 

Albert  Sauveur,  Cambridge,  Mass.  (communication  to  the 
Secretary*): — The  most  glaring  shortcoming  of  the  rail-spe- 
cifications reviewed  by  Mr.  Colby  as  well  as  of  those  which 
he  proposes  is  to  be  found  in  their  silence  on  the  subject  of 
"discard." 

It  has  become  customary  in  American  technical  meetings  to 
dismiss  this  question  of  discard  by  some  more  or  less  witty 
jest,  but  such  practice  only  serves  to  illustrate  the  weakness  of 
the  position  of  those  resorting  to  it. 

I  have  repeatedly  called  the  attention  of  manufacturers  as  well 
as  of  consumers  to  the  very  serious  danger  of  rolling  "  piped" 
rails,  which  is  the  common  practice  of  the  day.  The  pipe  ex- 
tends so  far  down  the  ingot  that  the  first  rail  rolled  must,  in 
the  majority  of  cases,  be  "  piped  "  and,  therefore,  seriously  de- 
fective, because  of  insufficient  discard.  This  fact  is,  of  course, 
well  known  to  manufacturers,  and  their  fear  to  have  it  brought 
to  light  in  a  manner  too  costly  to  themselves  accounts  for  their 
strenuous  and  so  far  successful  opposition  to  the  introduction 
in  specifications  of  a  clause  requiring  the  drop-test  to  be  applied 
to  the  rails  corresponding  to  the  tops  or  piped  ends  of  the 
ingots.  It  is  not  to  be  supposed  that  the  consmiiers  are  not 
equally  well  informed  regarding  the  existence  of  this  defect 
and  their  failure  to  insist  upon  such  specifications  as  would 
prevent  the  rolling  of  piped  rails  is  more  difficult  of  explanation 
unless  it  be  assigned  to  their  fear  of  having  to  pay  consider- 
ably more  for  their  rails  in  case  of  a  much  larger  discard.  In 
the  United  States,  moreover,  the  financial  relations  between 
large  railroad  companies  and  steel-works  are  often  so  close  as 

*  Received  August  31,  1906. 
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to  suggest  at  least  another  explanation  for  tlieir  apparent  indif- 
ference. 

So  long  as  so  vital  a  matter  is  ignored  in  rail-specifications, 
I,  for  one,  am  unable  to  take  much  interest  in  the  refinements 
suggested  in  chemical  composition,  finishing-temperatures,  etc., 
— they  certainly  appear  futile,  not  to  say  farcical.  It  is  like 
trying  by  ingenious  devices  to  improve  the  complexion  of  a 
patient  suffering  from  a  severe  organic  trouble.  Is  the  game 
worth  the  candle  ?  What  is  needed  to  save  him  is  a  major 
surgical  operation  and  not  the  administration  of  homeopathic 
and  relatively  ineffective  pills.  Continued  failure  in  this  respect 
must  result  in  placing  these  makers  of  rail-specifications  in  the 
metallurgical  branch  of  a  great  family  of  unsavory  fame. 

M.  NiGOND,*  Paris,  France  (communication  to  the  Secre- 
tary  t) : — The  chief  difl'erence  between  the  specifications  adopted 
by  the  company  with  which  I  am  associated,  and  those  suggested 
in  Mr.  Colby's  paper,  is  that  my  company  do  not  require  a 
specific  chemical  composition,  but,  on  the  other  hand,  they  do 
specify  the  tensile  strength,  with  a  clause  as  to  the  minimum 
elongation,  and  also  drop-tests  and  bending-tests. 

They  consider  that  chemical  determinations,  except  carbon, 
cannot  be  furnished  with  sufficient  accuracy,  without  retarding 
manufacturing  operations,  and  it  therefore  appears  safer  to 
judge  the  metal  by  the  actual  results  it  gives,  rather  than  by  its 
composition.  Slight  variations  in  that  composition  may,  as  a 
matter  of  fact,  have  an  important  influence  on  the  strength. 

In  the  case  of  their  rails  of  42  kg.  per  m.  (85  lb.  per  yd.),  when 
it  was  specified  that  the  test-specimen  for  tensile  should  be 
taken  from  the  portion  of  the  head  least  liable  to  wear  the 
required  tensile  strength  was  reduced  from  70  to  67  kg.  per  sq. 
mm.  (99,562  to  95,295  lb.  per  sq.  in.)  and  the  minimum  elonga- 
tion from  10  to  8  per  cent. 

*  The  Engineer  in  Chief  of  the  Paris  and  Orleans  Railroa  1. 
t  Received  July  20,  1906. 
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The  Gas-Producer  as  an  Auxiliary  in  Iron   Blast-Furnace 

Practice. 

A  Discussion  of  the  Paper  of  K.  H.  Lee,  p.  366. 

J.  T.  PuLLON,  Rowangartb,  Roundliaj,  Leeds,  England  : — 
In  discussing  Mr.  Lee's  paper,  I  wish  to  call  attention  to  the 
fact  that  Mr.  B.  11.  Thwaite  (who  was  heard  here  yesterday 
on  the  subject  of  the  application  of  blast-furnace  gas  for  the 
production  of  power,  of  which  he  was  undoubtedly  the  pio- 
neer) read,  at  the  Engineering  Congress  in  Glasgow  in  1901,  a 
paper  on  the  profitable  utilization  of  power  from  blast-furnace 
gases,^  in  which  he  suggested  the  diversion  and  cleaning  of  the 
whole  of  the  waste  gases  coming  from  the  blast-furnace  and 
their  utilization  for  power-production,  so  as  to  obtain,  with 
proper  manipulation,  from  4  to  6  times  the  efficiency  of  present 
methods.  He  suggested  also  the  heating  of  the  stoves  with 
producer-gas  of  a  higher  and  therefore  more  suitable  calorific 
value,  so  as  to  maintain  them  in  a  constant  state  of  maximum 
efficiency,  free  from  dust,  and  to  avoid  the  irregular  working 
of  the  furnace,  besides  obtaining  a  maximum  supply  of  air- 
blast,  of  15  or  even  20  lb.  pressure,  by  means  of  internal-com- 
bustion blast-engines  driven  by  the  cleaned  waste  furnace-gases, 
with  a  surplus  of  gas  left  for  other  uses. 

Since  that  time,  in  view  of  the  necessity  of  having  a  stand-by 
plant,  immediately  available,  in  case  of  strikes  or  other  reasons 
causing  the  banking  or  blowing-out  of  the  blast-furnace,  he  has 
developed,  as  an  addition  to  his  other  types  of  producer,  a  high 
blast-pressure  gas-generator,  producing  a  gas  identical  with,  or 
somewhat  superior  to,  blast-furnace  gas ;  and  in  which  all  the 
ash  of  the  fuel  is  turned  into  fluid  slag,  which  is  available  for 
the  production  of  slag- wool.  The  gas  is  a  little  richer  in  car- 
bon monoxide  than  average  blast-furnace  waste  gas,  and  has 
only  from  1  to  3  per  cent,  of  hydrog*en. 

Fig.  1,  drawn  from  a  photograph,  shows  a  plant  containing  this 
generator,  now  in  operation  at  Leeds.  It  is  made  in  units  of 
from  1,000  to  10,000  h.p.  capacity  for  each  vessel,  and  coupled, 

^  Journal  of  the  Iron  and  Steel  Institute,  vol.  Ix.,  No.  2,  pp.  149  to  184  (1901). 
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of  course,  to  Thwaite's  ordinary  gas-cleaning  plant.  It  can  be 
put  in  full  blast  in  2  or  3  br.,  producing  gas  equal  to  blast-fur- 
nace gas,  the  most  perfect  of  all  power-gases. 

The  cost  of  the  Thwaite  plant  is  low,  owing  to  the  high 
pressure  employed.  It  is  automatic  in  its  action,  and  the  ther- 
mal efficiency  is  as  high  as  practicable.    There  is  no  loss  of  un- 


FiG.  1. — GAS-PRocrcER  Plant  at  Leeds. 


burnt  fuel  passing  out  with  the  ash  and  clinker,  a  serious  defect 
in  other  producers,  especially  important  with  those  working  at 
low  temperatures.  With  an  ordinary  type  of  gas-engine  of  the 
comparatively  small  power  of  100  h.p.,  a  thermal  efficiency 
equivalent  to  8,000  B.t.u.  per  i.h.p.  per  hour  has  been  obtained. 
I  append  two  analyses  of  this  gas,  as  made  from  ordinary  gas- 
works coke,  which  contained  9.5  per  cent,  of  ash. 
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Analyses  of  Generator-Gas. 


CO,,     .        . 

I. 
Per  Cent. 
.       1.2 

II. 

Per  Cent. 

0.8 

0,        .        . 

.       0.4 

1.8 

CO,     . 

.     30.0  (112.1  B.t.u.) 

32.4  {110B.t.u.) 

CH„    .        . 

.       0.2 

0.4 

H,       .        . 

.       4.1 

1.6 

N,       .        . 

.     64.1 

63.0 

100.0  100.0 

F.  T.  Havard,  Silberhiitte,  Anhalt,  Germany : — The  utiliza- 
tion of  waste  gases  from  reverberatory  furnaces  (such  as  those 
used  in  the  manufacture  of  glass,  in  the  reduction  of  minerals 
— for  instance,  heavy  spar — and  for  similar  purposes)  by  the 
attachment  of  a  producer,  is  already  emerging  from  the  experi- 
mental stage  in  Germany.  It  is  perhaps  worthy  of  mention 
that  I  am  planning  to  make  use  of  the  cleaned  gases  from  lead 
and  copper  blast-furnaces  for  the  purpose  of  generating  power 
by  enriching  and  controlling  the  quality  through  the  addition 
of  comparatively  small  quantities  of  producer-gas  of  high  cal- 
orific content,  whereby  the  realization  of  the  heat- values  in 
these  gases  would  be  effected.  I  cannot  yet  tell  how  these 
plans  will  succeed  on  a  large  scale,  but  I  could  not  miss  this 
opportunity  to  tell  what  the  copper-  and  lead-smelting  men  are 
doing  in  utilizing  the  waste  gases  by  the  help  of  the  auxiliary 
gas-producer. 

Prof.  William  Kent,  Syracuse,  IST.  Y.  (communication  to 
the  Secretary*) : — There  are  two  sentences  in  Mr.  Lee's  paper 
which  should  not  be  allowed  to  pass  without  comment.  These 
are : 

(1)  "The  net  calorific  effect  of  coal  burnt  under  the  boilers  and  in  the  gas- 
producers,  respectively,  is,  if  not  the  same,  rather  in  favor  of  the  producer ;  in- 
deed, the  efficiency  of  carbon  burnt  in  the  form  of  producer-gas  is  claimed  to  be 
from  5  to  25  per  cent,  greater  than  that  of  direct  combustion  of  solid  fuel." 

(2)  "...  gas-producers  would-  have  the  advantage  over  the  present  mode  of 
coal  firing,  that  a  greater  calorific  effect  is  obtained  from  the  fuel." 

Solid  fuel  burned  under  boilers  under  proper  conditions  of 
air-supply  and  of  heating-surface  may  give  an  efficiency  of  75 
per  cent,  or  more,  the  remainder  or  loss  being  accounted  for 
by  heat  carried  away  in  the  chimnej'-gases,  radiation,  etc. 
There  is  no  way  by  which  the  use  of  producer-gas  can  diminish 
these  chimney-  and  radiation-losses.    In  fact,  the  furnace  under 

*  Keceived  Oct.  11,  1906. 
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a  steam-boiler  is  nothing  but  a  gas-producer  and  a  combustion- 
chamber  combined,  and  nothing  can  be  gained  by  separating 
these  two  parts  and  connecting  them  by  a  long  gas-flue  or 
main.  Since  the  invention  of  the  Siemens  gas-producer,  50 
years  ago,  many  producers  have  been  made  to  be  used  in  con- 
nection with  steam-boilers,  but  they  have  always  failed  in  prac- 
tice to  show  any  advantage  over  the  use  of  solid  coal.  If  gas- 
producers  have  not  succeeded  in  displacing  direct  firing  for 
ordinary  boilers,  it  is  not  likely  they  will  displace  coal-firing 
under  blast-furnace  boilers. 

If  it  is  necessary  in  blast-furnace  practice  to  have  the  means 
of  supplying  a  large  additional  quantity  of  heat  to  the  steam- 
boilers  in  the  case  of  occasional  stoppage  or  diminution  of  the 
supply  of  gas  from  the  blast-furnace,  this  can  best  be  accom- 
plished by  having  a  very  large  grate-surface  under  the  front 
end  of  the  boilers  and  a  very  large  combustion-chamber  above 
the  grate,  for  the  burning  both  of  the  gases  from  the  blast-fur- 
nace and  of  the  gases  distilled  from  the  coal.  When  the  gas- 
supply  is  suificient,  the  ash-pit  doors  may  be  shut  and  the  coal 
will  not  burn.  When  the  gas-supply  is  diminished  in  quantity 
the  ash-pit  doors  may  be  opened  and  the  coal  burned  by  natural 
draft ;  or  if  the  gas  is  entirely  shut  off  from  one  or  more  boilers 
the  ash-pit  doors  can  again  be  closed  and  the  coal  burned  by 
forced  draft.  With  a  grate-surface  8  ft.  long  and  the  width  of 
the  boiler-setting  in  water-tube  boilers,  and  forced  draft,  bitu- 
minous coal  could  easily  be  burned  at  the  rate  of  40  lb.  per 
sq.  ft.  of  grate  per  hour.  This  would  drive  the  boiler  from  50 
to  100  per  cent,  above  its  normal  rated  capacity. 

To  provide  this  amount  of  coal-burning  capacity  in  gas-pro- 
ducers would  require  a  very  expensive  producer-plant  without 
any  gain  in  economy  over  the  coal-firing.  A  good  plan  for  a 
w^ater-tube  boiler-setting  for  blast-furnaces  is  the  one  designed 
by  Mr.  Julian  Kennedy  for  the  Lucy  blast-furnace.^ 

For  the  purpose  of  increasing  the  grate-surface  under  this 
boiler,  I  would  modify  that  design  by  moving  the  gas-flue,  gas- 
burner  and  front  wall  of  the  boiler-setting  and  the  perforated 
wall  outward  4  ft.  in  front  of  the  present  position,  forming  thus 
a  gas-combustion  chamber  in  front  ot  the  boiler-setting,  which 
would  leave  room  for  a  grate-surface  nearly  8  ft.  wide,  thus 
doubling  the  coal-burning  capacity  of  the  grate. 

""  Tram.,  xiii.,  46  (1884-85). 
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Gas-Engine  Practice. 

A  discussion  of  the  Papers  of  Prof.  H.  Hubert,  p.  647  ;  K.  Eeinliardt,  p.  669  ;  and 
Tom  Westgarth,  p.  796. 

Adolph  Greiner,  Seraing,  Belgium  : — I  have  nothing  special 
to  add  to  Professor  Hubert's  paper  except  to  say  that  there 
are  some  little  things  that  it  would  be  well  to  have  corrected 
when  the  paper  comes  to  be  published.  In  dealing  with 
the  thermal  efficiency  of  the  engine,  you  will  find  that  the 
29.84  per  cent,  was  a  very  high  one.  Professor  Hubert  has 
forgotten  those  engines  built  under  the  Cockerill  type,  but 
he  has  referred  to  them  in  Appendix  II.  At  our  works  at 
Cockerill  we  have  built  63  engines,  giving  63,000  h.p.,  and  the 
other  companies  who  have  received  licenses  have  built  113  en- 
gines, making  103,000  h.p.,  and  aggregating  176  engines  and 
166,000  h.p.  Eight  years  ago  I  had  the  pleasure  of  giving  to 
the  Institute  the  results  obtained  up  to  that  time.  Since  then  a 
good  many  engines  have  been  constructed.  In  1898  I  thought 
a  blast-furnace  producing  100  tons  of  pig  iron  would  allow 
3,000  h.p.  Professor  Witz  and  Professor  Hubert  show  that 
with  the  same  production  of  pig  the  new  engines  take  3,800 
h.p.  out  of  the  gas.  At  present  at  Cockerill  we  make  700  to 
800  tons  of  pig  iron  per  day,  and  we  hope  to  have  26,000  h.p. 
in  a  few  years.  At  present  we  have  only  half  of  that  in  gas- 
engines,  but  we  hope  to  have  in  five  or  six  years  all  the  gas  out 
of  these  furnaces  to  the  number  of  25,000  or  26,000  h.p. 

Tom  Westgarth,  Middlesbrough,  England  : — My  contribu- 
tion is  not  a  paper  in  the  ordinary  sense  of  the  word,  because 
I  am  sure  you  will  agree  with  me  that  what  I  have  written 
is  only  supplementary  to  the  other  two  papers.  The  notes 
are  schedules  of  the  larger-size  gas-engines  built  by  British 
engine-makers,  of  500  h.p.  and  upwards.  If  you  look  at  the 
schedules  you  will  find  that  in  England  gas-engines  have  be- 
come quite  ordinary  motors  for  a  good  many  purposes.  It  was 
at  first  thought  that  gas-engines  were   troublesome,  and  ill- 
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adapted  for  general  purposes,  that  they  were  not  of  much  use ; 
but  you  will  see  now  from  the  schedules  that  they  are  being 
employed  for  driving  dynamos,  working  blowing-engines,  and 
driving  rolling-mills,  tube-mills,  air-compressors,  cement-mills, 
paper-mills,  electrolytic  work,  and  even  cotton-mill  work,  mine- 
fans,  and  so  on.  I  do  not  think  that  it  needs  any  argument  to 
show  that  the  gas-engine  has  come  to  stay,  and  that  it  is  doing 
a  great  variety  of  very  useful  work.  Another  point  in  the 
schedules  to  which  I  would  like  to  call  your  attention  is  the 
different  kinds  of  gas  being  used.  The  primary  object  of 
this  type  of  gas-engine  is  to  use  gas  which  hitherto  has  been 
wasted,  but  which  a  few  years  ago  suddenly  attained  great 
value,  because  of  the  way  in  which  it  could  be  utilized  with 
advantage  in  running  gas-engines.  In  addition  to  blast-furnace 
gases,  coke-oven  gas,  and  various  kinds  of  producer-gas,  even 
that  from  bituminous  coal  has  been  used  to  work  gas-engines 
of  large  size.  I  am  sorry  that  when  I  asked  Messrs.  Beard- 
more  for  the  particulars  of  their  engines  they  did  not  send  any 
particulars  of  their  vertical  marine-engines,  because  although 
that  point  is  not  particularly  interesting  to  us  as  iron  and  steel 
makers,  it  is  interesting  to  engineers,  and  has  an  important 
bearing  on  the  question  of  the  development  of  gas-engines. 
Messrs.  Beardmore  have  already  published  some  particulars  of 
their  500  and  1,000  h.p.  vertical  marine-engines,  and  I  hope 
that  some  of  their  people  will  tell  us  something  of  the  success 
of  their  engines  when  they  have  got  them  to  work,  and  par- 
ticularly as  to  the  success  or  otherwise  of  the  reversing-engines. 
That  is  one  of  the  great  problems — viz.,  how  to  adapt  them 
successfully  to  marine  work.  They  might  be  useful  also  to 
some  of  our  members  for  driving  rolling-mills.  Then  I  added 
a  few  things  in  the  paper  as  to  how  much  is  done  in  this  direc- 
tion in  this  country.  The  only  other  point  is  the  question  of 
cleaning  the  gas.  I  fear,  as  a  builder  of  gas-engines,  that  a 
good  many  of  our  members  connected  with  iron-  and  steel- 
works are  troubled  about  the  difficulty  of  getting  gas-engines 
to  work  properly  at  first  because  of  the  imperfect  cleaning  of 
the  gas.  You  will  see  by  the  illustrations  given  in  the  paper 
that  there  are  many  people  who  have  been  working  and  clean- 
ing gas,  and  many  of  these  users  have  obtained  very  satisfac- 
tory results.    I  noticed  in  the  German  paper  it  was  stated  that 
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gas  is  cleaned  to  the  extent  of  0.02  g.  of  impurity.  I  tele- 
graphed to  Mr.  Cochrane  yesterday,  and  the  result  was  that  he 
replied  that  ordinary  blast-furnace  gas  was  cleaned  to  0.0025, 
which  is  as  clean  as  the  air  in  this  room,  or  possibly  cleaner, 
as  we  happen  to  be  in  London.  The  figures  I  received  from 
Mr.  Cochrane  were  0.0025,  0.0026,  0.0033,  0.0037,  0.0025, 
0.0024,  0.0024,  0.0019,  etc.  That  justifies  my  statement  that 
gas  can  be  cleaned  to  0.02,  as  described  in  the  German  and  in 
my  own  paper.  Therefore  I  hope  you  will  understand  that 
the  great  initial  difiiculties  in  cleaning  the  various  waste-gases 
for  use  in  gas-engines  have  eflectually  been  overcome. 

Mr.  Greixer  : — Mr.  Theisen  has  built  an  apparatus  of  a 
special  sort  which  is  the  type  shown  in  Mr.  Westgarth's  paper. 
Our  experience  at  Seraing  some  seven  or  eight  years  ago  was 
that  Mr.  Theisen  was  wrong  when  he  said  that  the  air  was 
warmest  when  it  entered  the  apparatus,  and  that  it  gave  the 
best  results.  That  is  not  right.  The  air  must  come  into  the 
Theisen  apparatus  and  generally  into  all  centrifugal  apparatus 
as  cool  as  possible,  and  the  reason  is  that  when  air  is  heated  it 
holds  more  steam  or  vapor,  and  the  more  vapor  there  is  in  the 
air  the  more  dust  there  is  in  it.  For  that  reason  it  is  better  to 
cool  the  gas  before  it  goes  into  the  Theisen  apparatus,  and 
all  centrifugal  apparatus.  We  could  clean  4  or  5  g.  of  dust 
quite  well,  but  the  result  would  be  that  after  a  few  days  or  a 
few  weeks  the  apparatus  would  become  so  very  full  that  it 
would  be  diflicult  to  clean  it  at  all,  because  the  dust  is  put 'on 
the  ledge.  Our  experience  is  that  the  cooler  the  air  the  better 
it  is  for  entering  into  the  Theisen  apparatus,  and  it  gives  the 
best  results  that  way.  That  has  been  pointed  out  by  Professor 
Osann,  and  it  agrees  absolutely  with  our  experience  at  Seraing 
with  the  Theisen  apparatus  itself. 

Julian  Kennedy,  Pittsburg,  Pa. : — We  in  America  are  only 
beginners  in  the  gas-engine  business,  so  that  we  can  have 
very  little  to  say  about  it,  although  we  hope  to  learn  a  great 
deal  about  it.  We  all  appreciate  that  the  great  thing  to  be 
learned  now,  perhaps,  is  the  easy  and  thorough  method  of 
cleaning  gases,  which  has  to  be  worked  up.  We  have  had 
very  little  experience  of  it  in  America.    The  Lackawanna  Steel 
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Co.  are  about  the  only  people  who  have  done  anything  in  gas- 
engines  in  America.  They  had  some  trouble  at  the  start,  as  was 
only  to  be  expected,  but  they  are  now  achieving  a  great  deal  of 
success  with  their  gas-engines,  and  the  general  feeling  is  that 
the  era  of  this  style  of  motor  is  dawning  with  us. 

Dr.  R.  AV.  Raymond,  i!N"ew  York,  X.  Y.  : — After  more  than 
25  years  of  service  as  the  Secretary  of  the  Institute,  I  have 
learned  that  my  knowledge  of  contemporary  progress  depends 
largely  upon  the  members  of  my  Society.  If  I  do  not  get  any 
papers  on  gas-engines,  I  may  not  know  much  about  gas-en- 
gines ;  but  when  the  members  of  the  Society  begin  to  talk  them 
up,  then  I  realize  that  a  new  era  has  dawned.  In  the  Institute 
of  Mining  Engineers,  which  includes  blast-furnace  managers, 
this  is  beginning  to  take  place.  American  ironmasters  are 
coming  to  the  gas-engine.  In  spite  of  the  wealth  of  our  rich 
ores,  our  half-developed  mineral  resources,  and  our  youthful 
strength  as  a  nation,  we  are  beginning  to  learn  that  heat  and 
the  materials  that  yield  heat  must  be  economized.  We  are  not 
so  rich  that  we  can  go  on  wasting;  and  if  we  succeed  at  all  in 
maintaining  the  position  to  which  we  have  somewhat  suddenly 
jumped  in  this  branch  of  industr}',  it  must  be  done  by  carrying 
our  book-keeping  out  to  the  third  place  of  decimals,  as  is  done 
in  the  papers  read  to-day,  and  by  saving  as  well  as  spending.  I 
believe  I  may  say  for  American  metallurgists,  and  their  great 
individual  or  corporate  combinations  of  capital,  that  they  have 
not  only  heaped  up  sums  in  investments  which  staggered 
the  imagination,  but  have  also  made  a  single  dollar  go  further 
by  putting  a  great  many  individual  dollars  together; — which 
is  indeed  the  only  justification  for  our  large  accumulation  of 
capital.  Moreover,  it  is  but  fair,  in  an  age  when  "trusts,"  and 
"  combines,"  and  great  corporations  get  all  the  blame  they  de- 
serve, and  more,  from  other  people,  that  those  who  have  profited 
by  them  should  speak  an  honest  word  in  their  defense.  I 
would  therefore  say  that  in  America,  at  least,  as  I  presume  also 
in  England,  the  great  concerns  which  install  such  engines  as 
have  been  described  here  are  the  concerns  which  employ  the 
best  scientific  aid,  pay  the  best  wages,  do  the  best  work,  and 
most  efiectively  serve  the  human  race. 
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Professor  Wm.  Kent,  Syracuse  University,  Syracuse,  N".  Y. : 
— We  have  been  greatly  pleased  in  finding  how  the  Germans 
are  leading  the  way  and  the  English  also  are  beating  the 
Americans  in  the  adoption  of  gas-engines,  but  it  seems  to  me 
to  be  a  little  maneuver  of  the  Americans  to  watch  how  others 
would  do  the  work  and  thus  to  get  the  value  out  of  the  experi- 
ence of  others  without  the  expenditure  of  their  own  money.  It 
was  found  in  the  days  of  street-car  transportation  in  America 
that  the  man  who  was  first  in  substituting  electric  transporta- 
tion for  the  mule  was  the  man  who  lost  the  most  money,  and 
that  those  who  waited  four  or  five  years  until  those  bold, 
enterprising  persons  had  lost  their  money,  and  gained  their 
experience — those  who  held  on  to  the  mules — ultimately  got 
the  money  out  of  the  other  men's  experience.  So  Americans 
have  saved  an  immense  amount  of  money  by  not  building  gas- 
engines.  !N^ow  they  are  going  to  build  gas-engines  with  licenses 
from  the  German  and  the  British  patentees,  and  they  are  going 
to  do  just  as  good  work  as  the  Germans.  The  Germans  have 
developed  the  gas-engine  and  the  cleaner,  but  there  is  a  good 
deal  yet  to  be  done.  The  field  for  the  gas-engine  is,  of  course, 
to  utilize  the  waste-gases  of  the  blast-furnace ;  but  the  blast- 
furnace produces  gases  of  irregular  quality  and  quantity,  and 
the  demand  of  the  blast-furnace  for  power  is  also  irregu- 
lar. What  we  need  is  a  governing-apparatus  with  which  to 
regulate  the  gas-engine  plant,  and  that  is  suggested  in  Mr. 
Reinhardt's  paper,  in  which  auxiliary  producers  are  mentioned, 
using  coal  to  furnish  the  regulating  supply,  and  to  make  up  for 
the  irregular  demand.  In  the  future  there  is  going  to  be  a 
large  plant  near  a  large  city  where  iron-works  are  situated, 
and  this  will  supply  the  electric  light  and  the  electric  power  to 
the  city.  Such  a  plant  would  have  reserve  gas-producers  using 
bituminous  coal  direct,  and  burning  up  all  the  hydrocarbons  in 
the  producer  itself.  The  producers  mentioned  in  the  paper 
(there  are  at  least  two  of  them  patented  in  America,  of  one  of 
which  I  happen  to  be  the  patentee)  would  do  that.  I  believe 
that  practice  in  the  future  will  take  the  form  of  regulating  the 
supply  for  the  gas-engine  plant  by  having  a  surplus  available 
derived  from  the  auxiliary  gas-producers,  and  the  installation 
will  thus  be  complete  for  the  utilization  of  blast-furnace  gases 
and  for  the  development  of  electric  power  for  rolling-mills  and 
for  power  purposes  in  the  adjacent  town. 
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E.  J.  Duff,  Liverpool,  England : — All  of  us  who  have  been 
interested  in  the  development  of  gas-power  and  the  new  method 
of  gas-production  bj  the  recovery  of  ammonia  must  have  read 
Mr.  Reinhardt's  paper  with  great  interest  and  advantage.  It 
is  a  paper  that  goes  very  thoroughly  into  the  matter  and  brings 
the  subject  right  up  to  date.  ■  I  will  confine  my  remarks  to  one 
topic — viz.,  coke-oven  gases.  About  seven  years  ago  I  was 
called  upon  to  erect  some  by-product  coke-ovens  at  Widnes. 
I  found  that  when  the  ovens  were  put  to  work  they  produced 
a  surplus  of  gas ;  that  is  to  say,  after  the  gas  was  put  out  of 
the  ovens  and  burnt  under  the  ovens  there  was  still  a  surplus 
of  gas  which  went  to  waste.  There  was  also  a  good  deal  of 
surplus  steam  raised  from  waste  gases — that  is,  from  the  burnt 
gases  leaving  the  ovens ;  and  after  they  had  used  what  steam 
was  required  for  the  recovery-process  there  was  still  a  sur- 
plus. I  set  to  work  to  discover  how  to  utilize  the  surplus 
gases  after  the  coke-ovens  had  been  fired.  Eventually  we  de- 
cided to  adopt  gas-engines  to  utilize  the  gas  to  drive  dynamos, 
and  to  run  electric  furnaces  by  the  dynamos  for  the  production 
of  calcium  carbide.  That  worked  extremely  well  from  the 
start.  We  calculated  that  we  had  enough  gas  to  run  500  h.p. 
I  applied  to  various  makers  for  500-h.p.  engines,  and  none  of 
them  would  build  one.  That  was  only  seven  years  ago.  I 
adopted  250-h.p.  engines,  the  largest  built  in  this  country  then. 
Very  little  scrubbing  and  washing  was  required  for  that  gas, 
and  the  only  alteration  that  I  found  necefesary  after  commen- 
cing to  run  the  engines  was  the  insertion  of  a  little  box,  2  ft, 
square,  of  iron  oxide,  to  take  out  a  trace  of  sulphur  and  cyan- 
ogen. In  that  connection  I  find  that  many  coke-ovens  are  work- 
ing in  this  country  producing  sufficient  cyanide  to  make  it 
worth  while  to  recover  it.  Then,  again,  with  regard  to  the  sur- 
plus steam  coming  from  those  ovens,  Mr.  Reinhardt  said :  "  In 
the  new  regenerative  coke-ovens  the  waste  heat  is  utilized  for 
pre-heating  the  oven  itself,  whereby  there  is  an  economy  in  gas, 
and  a  greater  excess  of  gas  is  available  for  driving  gas-motors." 
That,  I  think,  is  one  of  the  best  things  for  the  recovery,  inas- 
much as  it  takes  away  that  surplus  steam,  and  it  gives  the  ex- 
cess of  gas  which  we  can  utilize  in  gas-engines.  Mr.  "West- 
garth  in  his  paper  referred  to  the  nature  of  the  gas  used  in  the 
engines  tabulated  in  his  paper,  and  he  has  thought  a  paper  on 
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gas-engines  would  be  incomplete  without  reference  to  gas-clean- 
ing appliances.  In  this  connection  I  would  like  to  mention 
that  the  twentj-eight  engines  given  in  Table  I.  of  the  paper, 
with  a  total  capacity  of  32,600  i.h.p.,  are  all  working  on  some 
form  of  Dufi'  producer-gas.  I  would  also  mention  that  Beard- 
more  &  Co.  have  built,  and  are  building,  producers  of  a  total 
capacity  of  100,000  h.p.,  all  of  which  clean  the  gas  and  recover 
from  it  the  by-products,  the  sulphate  of  ammonia,  in  sufficient 
quantity  to  pay  the  whole  of  the  coal-bill.  The  greatest  credit 
is  due  to  Mr.  Beardmore  for  his  courage  and  ability  in  experi- 
menting on  such  a  large  scale,  and  not  only  for  undertaking 
the  extensive  use  of  gas  and  electric  power  in  connection  with 
the  general  work  of  shipbuilding  and  engineering,  but  also 
for  applying  the  system  to  rolling-mills  and  steel-melting  fur- 
naces under  the  exacting  and  somewhat  hard  service  required 
in  steel-works.  This  has  all  been  accomplished  since  I  designed 
Mr.  Beardmore's  plant  four  years  ago.  None  of  these  papers 
on  gas-engines,  so  far  as  I  am  aware,  have  referred  to  a  very 
important  installation  of  gas-power  which  has  been  erected  and 
put  to  work  at  Madrid,  in  Spain.  The  gas-plant  is  my  own 
design,  and  the  engines  are  of  the  Xiirnberg  pattern,  of  2,000 
h.p.  There  are  six  engines  of  2,000  h.p.,  with  a  total  capacity 
of  12,000  h.p.  One  of  these  engines  has  made  a  record  run 
of  practically  six  months,  and  there  is  no  trouble  with  tar. 

James  Hamilton,  Coatbridge,  England: — The  iirst  feeling 
of  manufacturers  in  this  countt-y  on  reading  the  papers  is 
that  of  envy  at  the  great  development  and  the  great  progress 
which  the  Germans  have  made.  It  is  not  so  much  the  fault 
of  the  British  gas-engine  makers  as  of  the  British  gas-engineers. 
I  think  that  the  gas-engine  in  this  country,  now  that  it  has 
got  through  its  period  of  initiation,  is  going  to  develop  more 
rapidly.  It  is  a  pity  that  the  ironmasters  have  not  considered 
the  merits  of  the  engine  more,  because  there  are  great  savings 
possible,  and  great  savings  have  been  eftected  where  it  has  been 
tried.  British  gas-engines  have  not  developed  along  quite  the 
same  lines  as  the  German  engines.  The  German  engines  have 
been  designed  chiefly  with  a  view  to  increasing  the  maximum 
power,  and  not  so  much  with  a  view  to  increasing  the  economy. 
The  four-cycle  engine  described  by  Mr.  Reinhardt  is  certainly 
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more  economical  than  the  two-cycle  engine ;  but  that  is  not 
altogether  the  reason  for  its  being  adopted  in  Germany  and  in 
Belgium.  In  this  country  a  greater  amount  of  work  has  been 
done  with  producer-gas  than  with  blast-furnace  gas,  and  in 
consequence  the  English  engines  have  been  developed  rather 
with  a  view  to  economy,  because  when  we  get  the  blast-furnace 
gas  for  nothing  a  little  extra  consumption  is  not  of  so  much 
consequence  as  when  we  have  to  pay  for  the  fuel  to  produce  it. 
In  a  blast-furnace  gas-engine  the  saving  as  compared  with  a 
steam-engine  is  about  five  to  one — that  is,  five  times  as  much 
power  from  the  gas-engine  as  from  the  steam-engine  with  the 
same  amount  of  cost.  In  the  producer-gas  engine  we  do  not 
get  so  much  saving  because  there  is  the  question  of  the  effi- 
ciency of  the  producer  to  be  deducted  from  the  result.  We 
have  to  combine  the  producer  and  the  gas-engine,  and  the  effi- 
ciency of  the  whole  thing  is  the  combined  efficiency  of  the  two. 
The  Continental  designs  have  been  to  a  certain  extent  adopted 
in  this  country,  and  are  now  working  in  competition  with 
British  designs,  and  no  doubt  the  future  will  decide  which 
type  is  the  best.  Each  has  its  merits,  but  so  far  the  British 
designs  have  held  their  place  in  competition  with  the  Conti- 
nental designs  that  have  been  taken  up  and  made  in  this 
country.  As  a  gas-engine  maker,  I  must  thank  the  gentlemen 
who  have  so  liberally  placed  the  results  of  their  experience  and 
knowledge  at  the  disposal  of  the  Institute.  They  have  con- 
ferred a  great  favor  on  the  iron-  and  steel-industry  generally, 
and  the  gas-engine  making  industry  in  particular,  and  I  am 
sure  we  owe  the  authors  our  best  thanks. 

A.  T.  Tannett-Walker,  Leeds,  England  : — As  one  interested 
in  gas-engines,  and  who,  thirty-four  years  ago,  saw  a  good  deal 
of  the  development  of  these  motors,  I  would  like  to  express  my 
indebtedness  to  those  who  have  read  the  papers.  I  consider 
the  paper  of  Mr.  Reinhardt  quite  a  treatise  on  gas-engines,  and 
we  are  all  indebted  to  Professor  Hubert  and  to  our  valued 
friend,  Mr.  Greiner,  for  the  information  they  have  given  to  us. 
We  were  told  some  eight  years  ago  to  what  perfection  we  could 
work  by  blast-furnace  gas-engines,  and  I  have  taken  great  pains 
to  see  whether  they  are  perfect,  but  I  find  there  is  a  great  deal 
to  do  to  make  them  perfect.     As  our  American  friend  has  said, 


932  GAS-EXGINE    PRACTICE. 

those  who  stuck  to  their  mules  have  kept  their  money.  But,  of 
course,  if  there  were  no  pioneers  we  woukl  have  no  great  inven- 
tions brought  to  perfection.  There  is  one  thing  I  must  take  excep- 
tion to — viz.,  the  remark  of  my  American  friend  (Professor  Kent), 
that  all  the  developments  have  been  made  by  the  Germans. 
The  Otto  gas-engine  was  brought  to  this  country  and  oifered  to 
my  father,  the  late  Benjamin  Walker,  who,  however,  I  am  sorry 
to  say,  did  not  take  it  up;  but  Crossley  Brothers  took  it  up 
and,  to  their  credit  be  it  said,  they  have  developed  it  with  cer- 
tain inventions,  such  as  the  valve-gear  and  other  innovations, 
the  result  of  experience.  Therefore  I  say  that  the  Germans 
have  largely  developed  gas-engines,  but  they  were  not  the 
originators,  they  were  not  the  pioneers  of  gas-engines.  We 
must,  in  fact,  give  the  old  country,  the  fossil  that  Sir  James 
Kitson  referred  to,  the  chief  credit,  because  the  old  country  has 
held  its  place  even  in  the  manufacture  and  the  development  of 
these  modern  motors. 

Mark  Robinson,  London,  England : — I  have  been  engaged 
over  the  design  and  construction  of  large  gas-engines  lately, 
and  it  has  proved  to  be  a  very  interesting  subject.  It  is  a 
subject  about  Avhich  there  is  a  great  deal  to  learn,  and  I  can 
cordially  indorse  the  remarks  of  the  gentleman  from,  the  other 
side  of  the  Atlantic  who  has  said  there  is  a  great  deal  of  loss 
upon  them.  The  German  paper  seems  a  most  valuable  one, 
and  it  is  a  mine  of  information.  All  the  papers  are  very  useful, 
and  we  owe  great  thanks  to  the  authors  for  them.  But  there 
is  one  subject  which  these  papers  do  not  touch  upon,  and  I  wish 
they  did.  It  is  natural  to  keep  the  eye  on  the  engines  to  use 
blast-furnace  gases  when  addressing  the  Iron  and  Steel  Institute; 
but  allusion  has  been  made  to  the  use  of  the  gas-engine  for 
other  purposes,  and,  of  course,  it  is  used  for  producer-gas. 
When  the  company  with  which  I  am  connected  took  up  the 
gas-engine  it  was  almost  entirely  for  the  using  of  producer-gas 
and  for  the  driving  of  dynamos ;  and  from  the  best  information 
we  can  gather  we  believe  there  are  difficulties  when  it  is  working 
with  producer-gas  unless  there  is  some  very  special  arrangement 
for  cooling  the  engine.  I  do  not  think  that  any  allusion  is 
made  to  the  scavenge  in  any  of  those  papers.  I  believe  the 
great  makers  of  the  four-cycle  engines,  Messrs.  Cockerill,  do  not 
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use  the  scavenge  at  all,  and  think  it  unnecessary.  I  believe  it 
would  be  a  very  good  thing  for  English  designers  to  get  some 
pronouncement  from  the  great  masters  on  the  Continent  as  to 
whether  the  scavenging  is  necessary  or  not.  On  the  other  hand, 
they  are  almost  always  working  with  blast-furnace  gas,  which 
is  very  much  cooler  and  is  not  liable  to  lead  to  pre-ignition  and 
other  troubles,  as  we  might  suppose  producer-gas  to  be.  It 
had  been  stated  that  some  of  the  Continental  gas-engines  were 
worked  with  producer-gas,  and  if  it  were  the  case  that  they 
worked  with  gas  of  high  calorific  power  and  did  not  give  any 
trouble,  but  operated  successfully  without  a  scavenge,  it  would 
be  very  useful  to  have  details  from  persons  in  a  position  to 
speak  with  authority. 

Professor  Turner,  Birmingham,  England : — I  cannot  speak 
as  an  authority  on  large  gas-engines,  as  the  gas-engines  with 
which  we  have  to  do  at  our  University  at  Birmingham  are 
small.  All  that  we  have  is  an  installation  of  the  Mond  gas- 
plant  for  engines,  the  largest  being  150  h.p.,  used  for  the  pro- 
duction of  current  for  various  purposes  throughout  the  Uni- 
versity. I  need  scarcely  say  that  we  have  had  no  trouble  with 
those  engines,  and  they  work  with  the  greatest  possible  satis- 
faction. But  the  Institute  is  interested  in  the  question  of  large 
gas-engines  in  connection  with  the  manufacture  of  iron  and 
steel,  and  many  of  us  have  been  wanting  information  in  con- 
nection with  the  development  of  these  engines.  The  informa- 
tion is  not  that  which  we  could  get  at  the  University,  and  it 
could  only  come  from  practical  men.  We  are  very  much  in- 
debted to  those  who  have  been  good  enough  to  give  it  to  us. 

B.  H.  Thwaite,  London,  England  : — I  congratulate  the  au- 
thors of  the  three  papers  in  providing  a  more  or  less  complete 
record  of  the  progress  in  the  use  of  the  blast-furnace  gas-engine 
and  its  displacement  of  steam,  and  of  the  evolution  of  the  high- 
power-capacity  gas-engine.  Apparently  the  energy  that  is  al- 
ready being  developed  is  close  on  half  a  million  horse-power. 
We  should  not  allow  an  opportunity  to  pass  without  an  expres- 
sion of  admiration  for  the  splendid  enterprise  shown  by  engine- 
builders  and  ironmasters  in  Germany  in  risking  the  capital 
involved    in   raising    the  unit-power  capacity  of  gas-engines. 
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The  other  day  on  formulating  an  electric-power  generating- 
scheme  I  had  no  hesitation  in  specifying  for  10,000  i.h.p.  with 
multiple  engines.  I  am  glad  that  in  the  distribution  of  the 
palms  the  claims  of  our  country  have  not  been  overlooked  ;  but 
when  the  authors  write  again  on  the  historic  part,  and  espe- 
cially in  the  light  of  the  truth  that  is  now  being  admitted  with- 
out hindrance,  I  hope  th6y  will  carefully  read  patent  document 
Iso.  8,670,  of  May,  1894,  also  Professor  "Watkinson's  paper  read 
before  the  West  of  Scotland  Institute  on  March  15,  1895,  and 
the  discussion  thereon,  with  the  remarks  of  Mr.  James  Riley, 
the  then  chairman.^  If  they  do  so  they  will  then  agree  that 
the  word  ''simultaneous"  is  absurd;  and  the  reference  to  his 
propositions  in  Le  Rappel,  Le  Figaro,  and  other  French  news- 
papers in  1885  was  rather  contradictory  to  the  statement  made 
b}-  Mr.  Hubert.  To  say  that  "  the  investigations  were  inde- 
pendent of  Thwaite's  experiments,  which  were  not  generally 
known  on  the  Continent,"  was  incorrect,  for  the  experiments 
were  practically  the  same  as  mine,  which  were  Avidely  known 
on  the  Continent  in  1895.  The  English  were  first  in  the  field. 
In  my  paper  read  before  the  British  Iron  Trade  Association  in 
1898,  I  gave  a  thermal  comparison  between  steam-power  efii- 
ciencies  of  the  ordinary  iron-works  type  of  the  blast-farnace 
gas-engine  as  follows :  Heat  expenditure  to  secure  1  h.p.  per 
hour  of  energy  in  steam  iron-works  plant  equals  B.t.u.  -i-  43,300. 
The  blast-furnace  gas-engine  at  that  time  developed  the  same 
power  with  a  heat  expenditure  of  one-fourth,  or  10,328  B.t.u. 
To-day  we  can  rely  upon  securing  a  still  higher  result  of 
efiiciency.  Mr.  Hamilton  will  guarantee  to  develop  an  indicated 
horse-power  with  an  expenditure  of  8,000  B.t.u.,  and  so  will 
Mr.  Thomas  Westgarth.  I  have  explained  in  the  Times  that 
one  reason  why  I  have  sought  to  develop  power  with  gases  of 
low  calorific  value  is  my  recognition  of  the  effect  on  gas-engine 
limits  of  efficiency  of  the  law  of  increase  of  specific  heat  with 
increase  of  temperature.     In  the  selection  of  such  a  gas  I  de- 

^  I  am  glad  and  it  is  only  right  to  acknowledge  that  Mr.  Andrew  Carnegie  was 
the  first  American  to  realize  the  value  and  importance  of  my  work  in  harnessing 
the  blast-funiace  to  the  gas-engine.  As  his  guest  in  Scotland  in  1897,  he  acknowl- 
edged the  economic  value  of  my  system  ;  and  but  for  the  fact  that  the  blowing- 
engines  and  boilers  at  the  Edgar  Thomson  works,  Pittsburg,  had  just  been  com- 
pletely renewed,  lie  (Mr.  Carnegie)  would  have  applied  the  system  at  least  ten- 
tatively. 
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cided  in  favor  of  carbon  monoxide,  and  the  exclusion  as  far  as 
practicable  of  hydrogen  gas,  for  various  reasons.  A  gas  of  the 
chemical  constitution  of  blast-furnace  gas  gave  me  the  power- 
gas  I  wanted,  and  you  see  the  justification  of  my  pre-1890  rea- 
soning in  the  records  of  the  three  papers  read  to-day.  It  is 
pleasant  and  refreshing  to  find  that  Mr.  Reinhardt's  idea  of  a 
standard  system  of  cleaning  blast-furnace  gas  is  practically  that 
of  the  Thwaite  system.  Looking  back  over  13  years,  it  is  cer- 
tainly amusing  to  remember,  although  at  the  time  the  state- 
ments were  made  vexation  and  indignation  were  the  dominaRt 
feelings,  how  we  were  once  told  that  no  cleaning  of  the  furnace- 
gas  was  required,  in  distinct  contradiction  of  my  own  experi- 
ence and  the  formulae  of  my  1894  patents.  Mr.  Reinhardt  re- 
ferred to  a  standard  type  of  purifying-plant  for  blast-furnace 
gas,  and  observed  :  "  The  gases  on  leaving  the  blast-furnace 
are  led  through  a  series  of  so-called  dry  purifiers,  and  thence 
through  long  pipe-lines  into  the  coolers  or  scrubbers,  and  from 
these  into  the  so-called  centrifugal  purifiers  (Theisen  apparatus 
or  fans  with  water-spray).  After  leaving  the  above  plant  the 
purification  of  the  gas  should  be  complete,  so  that  before  being 
admitted  into  the  engine  the  gas  has  only  to  be  dried  in  filters 
or  in  capacious  tanks."  It  has  taken  all  these  years  to  admit 
the  sequence  of  my  1894  patent  to  be  correct.  At  one  time 
(1899)  we  were  told  that  no  cleaning  was  necessary.  I  know 
that  Mr.  Greiner  has  withdrawn  that  statement,  but  for  a  cer- 
tain number  of  years  it  was  accepted.  In  the  Thwaite  system, 
non-electric,  w^e  have  under  suction-infiuences,  first,  the  rough 
hydraulic  cleaning  and  cooling  of  the  gas ;  secondly,  the  air- 
cooling  of  the  gas ;  thirdly,  the  application  of  centrifugal  influ- 
ences under  combined  suction-  and  pressure-effects ;  fourthly, 
coarse  filtration  under  pressure  ;  fifthly,  fine  filtration  under 
pressure;  sixthly,  establishment  of  a  constant  pressure.  Here 
I  might  remark  that  the  centrifugal  cleaning  efficiency  is  in 
proportion  to  the  temperature — the  cooler  the  gas  as  it  enters 
the  centrifugal  instrument  the  more  effective  the  cleaning  effi- 
ciency. Any  variation  from  my  original  cleaning-plant  is,  I 
consider,  at  the  cost  of  eflicienc}"  and  economy,  and  has  been 
prompted  more  by  a  desire  to  evade  patent-rights  than  to  secure 
improvement.  I  am  glad  Mr.  Reinhardt  supported  the  use  of 
a  pressure-governor  holder,  which  has  been  an  essential  feature 
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of  mj  system  from  its  practical  inception.  Reading  between 
the  lines  of  Mr.  Reinharclt's  peroration  we  are  almost  justified 
in  assuming  that  the  maintenance  of  German  iron-trade  pros- 
perity is  largely  due  to  the  application  of  blast-furnace  gas- 
engines  in  German  works.  But  is  it  not  a  fact  that  the  splen- 
did enterprise  is  a  product  of  the  continuous  German  prosperity, 
proved  by  the  unbroken  line  of  the  curve  of  increased  pig-iron 
output,  which  has  risen  far  higher  than  that  representing  the 
progress  of  our  iron  trade  ?  Although  the  engines  described 
show  well-appreciated  progress,  and  the  attained  stage  of  per- 
fection justifies  the  concentration  of  enormous  powers  in  one 
unit  of  grouped  cylinders,  I  hope  that  the  workers  in  the  field 
of  gas-engine  design  will  persevere  in  attempts  to  secure  still 
further  triumphs. 


Heat-Treatment  of  Steels  Containing  Fifty  Hundredths 
and  Eighty  Hundredths  Per  Cent,  of  Carbon. 

Discussion  of  the  Paper  of  C.  E.  Corson,  p.  388. 

Albert  Sauveur,  Cambridge,  Mass.  (communication  to  the 
Secretary*) : — On  close  examination  I  think  it  will  be  found 
that  the  evidence  by  which  Mr.  Corson  claims  to  have  shown 
the  inaccuracy  of  a  statement  I  made  a  few  years  ago,  is  far 
from  convincing.     This  statement  is  : 

"Hot  work  as  such  has  no  influence  upon  the  structure  of  the  metal.  Indi- 
rectly, however,  by  retarding  crystallization  until  a  lower  temperature  is  reached, 
it  may  influence  its  structure  most  decidedly  ;  but  the  same  results  could  be  ac- 
complished by  heat  treatment  alone,  i.e.,  by  re-heating  the  unworked  metal  to  the 
temperature  from  which  the  worked  piece  was  allowed  to  cool  undisturbedly." 
The  Metallographist,  vol.  ii.,  p.  267  (under  the  head  of  "Changes  of  Structure 
Brought  About  by  Work"). 

,  Of  the  two  pieces  of  steel  tested  by  Mr.  Corson,  one  was 
worked  and  finished  at  a  "  cherry-red "  and  the  other  re- 
heated to  a  cherry-red,  and  the  assumption  was  made  that 
in  both  cases  the  temperature  was  about  715°  C,  although 
no  pyrometric  device  was  used  to  record  it.  The  possibility  of 
considerable  difierence  in  temperature  alone  is  so  great  as  to 
invalidate  Mr.  Corson's  inferences.    The  apparent  temperature, 

*  Received  September  12,  1906. 
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moreover,  is  so  close  to  the  critical  point  of  the  steel  as  to  ren- 
der any  conclusion  very  hazardous.  It  is  not  at  all  evident 
that  the  annealed  piece  was  re-heated  past  its  critical  point,  in 
which  case  re-heating  would  have  had  practically  no  effect. 
Nor  is  it  evident  that  the  piece  forged  and  finished  at  a  cherry- 
red  was  not  actually  below  the  critical  point,  which,  by  defini- 
tion, I  have  called  cold  worked. 

Mr.  Corson's  explanation  that  "  Under  proper  re-heating,  on 
the  other  hand,  the  steel  becomes  a  solid  solution,  from  which 
crystals  of  approximate  homogeneity  and  uniform  size  may 
separate,"  will  not  be  readily  understood. 

It  should  be  borne  in  mind  that  my  statement  refers  to  hot 
work  only;  that  is,  the  work  performed  above  the  critical  point, 
and  in  that  range  the  steel  is  in  the  condition  of  a  solid  solu- 
tion* just  as  well  as  if  it  had  been  re-heated  to  that  temperature. 
In  other  words,  if  a  piece  of  steel  be  worked  to  800°  C,  and 
allowed  to  cool  slowly,  or  if  it  be  re-heated  to  800°  and  slowly 
cooled,  it  will  in  both  cases  cool  undisturbedly  from  the  condi- 
tion of  a  solid  solution. 

In  view  of  the  above  explanation,  the  statement  which  Mr. 
Corson  criticises  cannot  be  set  aside  in  the  light  of  a  single  ex- 
periment, especially  since  that  experiment  is  so  crude,  and  the 
results  so  uncertain,  as  to  cause  its  significance  to  dwindle  into 
insignificance. 

Aside  from  the  discussion,  Mr.  Corson  should  be  congratu- 
lated on  the  excellence  of  his  photomicrographs. 
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Conceutratiou  at  Washoe  plaut  of  Auacouda  Copper-Miuiug  Co.,  440. 

Congress  gold-mine,  Arizona  [196]. 

Constitution  of  Ferro-Cuprons  Sulphides  (Hofman)  [Ixxiii], 

Constitution  of  Iron- Carbon  Alloys  (Sauveur)  [Ixsiii]. 

Constitution  of  the  Institute,  xvi-xxi. 

Converter-plant  of  the  Anaconda  Copper-Mining  Co.,  474. 

Cooper,  Edimrd,  Biographiccd  Xotice  o/  (Raymond)  ( Trans.,  xxxiv,  186)  [xlii],  349-356  ; 
death  of  [xxxii]. 

Copper,  Studies  in  Refining  and  Overpoling  o/ (Hofman)  [Ixxiii]. 

Copper-Iron  Sulphides,  Secondary  Enrichment  of  (Eead)  [xliii],  297-303;  Discussions 
(Eead),  895;  (Sullivan),  893. 

Copper-mines:  Lake  Superior :  Calumet,  291 :  Central.  292;  Cliff,  292;  Franklin,  290  ; 
Hulbert,  292;  Huron,  290;  Isle  Eoyale,  290,  292;  Mesnard,  290;  Minnesota,  293; 
Minoug,  292;  North  West,  292;  Pewabic,  288,  289;  Quincy,  288;  Rockland,  293. 

Copper-Mines  of  Lalce  Superior,  Ancient  (Wood)  [xliv],  288-296. 

Copper-miniug  plant  at  Anaconda,  Mont.  (Trans.,  xxxiv,  265),  431-485. 

Copper  production  of  Washoe  plaut  at  Anaconda,  Mont.,  434. 

Copper-silver  from  ancient  Lake  Superior  copper-mines,  293-296. 

CoESON,  C.  E.,  Heat- Treatment  of  Steels  Containing  Fifty  Hundredths  and  Eighty  Hun- 
dredths Per  Cent,  of  Carbon  [Ixxii],  388-405. 

Cort,  Henry,  inventor  of  puddliug-furuace  and  rolling-mill  ( Trans.,  xxxv,  893-902) 
[859]. 

Cost-Accounts  of  Gold-JIining  Operations  (Sheldon),  [xliv],  91-127. 

Costs:  blast-furnace  labor,  458 ;  dredge-operation  in  Russia,  326;  explosives  in  drill- 
ing, 86-88 ;  gold-mining  operations,  91-127  ;  grinding  ore  by  tube-mills,  23, 24,  35, 
46  ;  lime-roasting  of  galena,  634.  639-644  ;  mine-labor  at  Brilliant,  Ala.,  490,  505 : 
operating  drilling-machines,  Portland  Gold  Milling  Co.,  86-90,  97;  precipitation 
and  smelting,  sand-  and  slime-treatment  at  El  Oro,  Mexico,  35,  46,  55. 

Council  of  the  Institute,  annual  report  of,  xxx. 

Coxe,  Alcrander  B.,  Biographical  iSo<iceo/( Raymond)  [xlii],  356-361 ;  death  of  [xxxix]. 

Coxe,  W.  E.  C,  death  of  [xxxii]. 

Crocker,  George  A.,  death  of  [xxxix]. 

Crushing- Tests  of  the  Diamonds  Used  in  Drilling  (Mitinsky)  [xliii],  331-3.33. 

Crystallography  of  Iron  (Osmond  and  Caetaud)  [Ixxiii],  813-859. 

Crystals :  of  gold-amalgam,  61,  64,  65 ;  of  silver-amalgam,  59, 67,  68. 

Cyanidation  of  Raw  Pyritic  Concentrates  (Smith)  [Ixxii],  570-575. 

Cyanide-precipitates,  slags  from,  El  Oro,  Mexico,  53. 

Cyanide  solutions,  40,  45. 

Cyaniding  and  Fine  Grinding  of  Ore  by  Tube-Mills  at  El  Oro,  Mexico  (Caetani  and  BuET) 
[xliii],  3-55. 

Daugherty,  Edwin  S.,  death  of  [xxxii]. 

Davidov,  Isidore,  death  of  [xxxii]. 

Death  valley,  Cal.,  192. 

De  Camp,  William  Scott,  death  of  [xxxii]. 

Deformation-apparatus,  822-825. 

Deformation  of  crystals,  814. 

De  Launay  :  on  re-deposition  of  sulphides  [297]. 

Desert  Rose  gold-mine,  Nevada,  141, 144. 

Design  of  Blast-Furnace  Gas-Engines  in  Belgium  (Hubeet)  [Ixxi],  647-668;  Discussions, 

(Duff),  929;  (Geeinee),  924,  926;  (Hamilton),  930;  (Kennedy),  926;  (Kent), 

928;  (Raymond),  927;  (Robinson),  932;  (Tannett-Walkee),  931 ;  (Thwaite), 

933;  (Tuenee;,933;  (Westgaeth),  924. 
De  Sousa  :  on  amalgams,  60. 
Device  for  Regulating  the  Discharge  of  Water  from  a  Reservoir  (Boueey)  [Ixxii],  565- 

569. 
Diamonds  Used  in  Drilling,  Crushing-Tests  of  (Mitinsky)  [xliii],  331-3.33. 
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Dinnendalil  gas-cleauing  fans,  682,  683. 

Discharge  of  Water  from  a  Reservoir,  Device  for  Regulating  (Bouery)  [Ixxii],  565-569. 

Distributor,  Sinqyle  Rotary,  for  Blast-Fnrnace  Charges  (Bakee)  [Ixxii],  361-365. 

Douglas,  James,  elected  honorary  member  of  the  Institute,  xxvii. 

Dredges  :  Bucyrus,  in  Eussia,  324,  327;  expense-account  at  the  Lobva  river,  325;  op- 
erating-costs in  Russia,  326. 

Dredging  gold  by  hand,  in  Eussia,  328. 

Dredging,  Gold,  in  the  Urals,  with  Notes  on  Dredging  in  Siberia  (Shockley)  [xIv],  322-330. 

Drilling,  Diamonds  Used  in,  Crushing-Tests  o/(Mitinsky)  [xliil],  331-333. 

Drilling-machine  operating-costs,  86-90,97. 

Drilling-Machines  in  Development  Work,  Relatire  3Ierits  of  Large  and  Small  (Williams) 
[xliv],  85-90. 

DKii^KEK,  H.  S.,  original  member  of  Institute  [xli] ;  Works  and  Mines  of  Lehigh  Zinc 
Co.  [xli]. 

Drop-tests  of  American  rail-specifications,  589,  591. 

DuBois,  H.  W.,  Reconnaissance  for  the  Platinum  Metals  in  British  Columbia  [xliii]. 

Dudley  ;  on  amalgams  [61]. 

Duff,  E.  J.,  Discussion  on  Gas-Engine  Practice  [Ixxii],  929, 

Dumping  at  coal-mines  of  Aldrich  Mining  Co.,  499. 

DwiGHT,  Theodore,  resignation  of,  as  Assistant  Secretary  and  Assistant  Treasurer 
of  the  Institute,  xxvii. 

Earth,  theory  concerning  central  mass  of,  145. 

Echo  gold-mine,  California,  168-176. 

Effect  of  Low   Temperature  on  the  Recovery  of  Steel  from   Overstrain  (McCaustland) 

[Ixxii],  406-430. 
Egleston  :  on  amalgamation  of  gold,  71. 
Ehrenworth,  Professor  [Iv]. 

Eldridge,  George  H.,  Biographical  Notice  of  (Emmons)  [xlii],  339-349  ;  death  of  [xxxii]. 
El  Oro,  Mexico,  fine  grinding  of  ore  and  cyauiding  [xliii],  3-55. 
Emmons :  on  the  secondary  enrichment  of  ore-deposits,  297. 
Emmons,  S,  F.,  Biographical  Notice  of  George  H.  Eldridge  [xlii],  339-349. 
Evolution  of  Mine-Surveying  Instruments  (Scott)  [xiv]. 
Explosives,  cost  of,  Portland  Gold  Milling  Co.,  86-88.   • 
Exposed  Treasure  gold-mine,  California,  168-176. 
Extraction  of  gold  and  silver,  El  Oro,  Mexico,  27,  31,  34,  42, 43. 

Fedorow:  on  amalgams,  61. 

Financial  statement  of  the  Institute,  Dec.  31, 1905,  xxviii. 

Fine  Grinding  of  Ore  by  Tube-Mills,  and  Cyaniding  at  El  Oro,  Mexico  (Caetani  and 
Burt)  [xliii],  3-55. 

Fire-clays  of  Texas,  535, 537-540. 

Firmstone,  Frank,  An  Old  Specimen  of  A^nerican  Spiegeleisen  [xliii],  198-201 ;  Discus- 
sions :  on  the  Gayley  Dry- Air  Blast-Process,  227 ;  on  Lead-  and  Zinc-Deposits  of  the 
Virginia- Tennessee  Region  [Ixxiii]. 

Flange-bars,  rolling  of,  863. 

Florence  gold-mine,  Nevada,  141, 144,  178,  189. 

Florence  oil-field  of  Colorado  {Trans.,  xx,  442-462),  342. 

Florida  phosphates,  studies  of,  by  G.  H.  Eldridge  {Trans.,  xxi,  196-231)  [343],  [346], 
[347]. 

Flues  and  stacks  at  the  Washoe  plant  of  the  Anaconda  Copper-Mining  Co.,  478. 

Fluoriteand  Barite  in  Tennessee  (Watson)  (Trans.,  xxxvi,  681-737),  890. 

Forms  of  cost-sheets  of  Portland  Gold  Mining  Co.,  107-127. 

Eraser,  John  H.,  death  of  [xxxix]. 

Frazer,  Persifor,  Search  for  Causes  of  Injury  to  Vegetation, \Near  a  Large  Industrial 
Establishment  [Ixxiii];  Discussion  on  the  Classification  of  Coals  {Trans.,  xxxvi,  825) 
[xlv]. 
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Frazier,  B.  W.,  death  of  [xxxii]. 

Feeir,  W.  E.,  DiscHSsian  on  American  and  Foreign  Bail-Specijications  [Ixxi],  911-913. 

Fremy  :  on  amalgams,  61. 

Fricke,  F.  G.,  death  of  [xxxii]. 

Funeral  range,  California,  186. 

Furnaces  {see  Blast-furnaces  ;  Reverberatory-furnaces). 

Galena,  Lime-Roasting  o/(Ingalls)  [Ixxii],  627-646. 

Gas,  in  mines,  Beard-Mackie  sight-indicator  for  measurement  of,  247-255. 

Gas-engines:  Belgium,  Design  of  Blast- Furnace  Gas-Engines  in  [Ixxi],  647-668,  924-933  ; 
Borsig  engine,  748,  749 ;  cleaning  blast-furnace  gas  :  Bian  cooler,  684  ;  Dinnendahl 
fans,  682,  683;  early  Cockerill  engines,  675,676;  influence  of  purification  of  gas, 
686-690 ;  standard  type  of  purifying  plant,  677 ;  tar-extraction  apparatus,  811, 
812 ;  Theisen  apparatus,  679-681,  810 ;  Thwaite  apparatus,  806,  811 ;  Zschocke 
scrubber,  678;  cleaning  coke-oven  gas,  685;  cleaning  gas-engines,  689;  cleaning 
producer-gas,  807,  808,  811 ;  Cockerill  engines  :  designs  and  tests  of  engines  in  Bel- 
gium, 648-668;  list  of  engines  at  work  or  building,  667,  668,  798  ;  coke-oven  gas 
purification,  685  ;  collieries,  use  of  gas-engines  in,  674,  675,  688  ;  Crossley  engine, 
798,  803,  809  ;  Deutz  engine,  647,  692,  701,  716-723,  770  ;  Dingier  engine,  742-746, 
784;  Duisburger  engine,  739-742,  782;  Ehrhardt  &  Sehmer  engine,  724-727,  769; 
Elsiissiche  engine,  694,  707,  728-732,  774  ;  first  uses  of  blast-furnace  gas,  647,  648, 
669;  Germany,  Application  of  Large  Gas-Engines  in  the  L'on  and  Steel  Industries 
[Ixxi],  669-795;  governing  of  gas-engines,  696-704;  Great  Britain,  Notes  on  Large 
Gas-Engines  Built  in  [Ixxii],  796-812 ;  Guteliofluuugshiitte  engine,  734,  735,  776; 
Haniel  &  Lueg  engine,  718;  ignition  and  starting  of  engines,  708;  Korting  engine: 
in  Germany,  653,  750-767,  794,  795  ;  in  Great  Britain,  797,  800,  809 ;  Krupp  engine, 
733,  734;  Lenoir  industrial  engine,  653;  Markische  engine,  694,  727,  771,  772 
Niirnberg  engine,  694,698-700,  706,  710-715,  717,  769;  Occhelhauser  engine:  in  Ger- 
many, 746-750,  786-789  ;  in  Great  Britain,  796,  799,  809  ;  packings  for  German  en- 
gines, 704-708  ;  Premier  engine,  797,  801,  809  ;  Reichenbach  engine,  738,  739,  780, 
781;  Richardsons,  Westgarth  &  Co.'s  engine,  804,  805,  809;  Schiichtermann  & 
Kremer  engine.  694,  702, 703, 736, 737, 778 ;  Siegener  engine,  753, 754,  790,  791 ;  Wil- 
lans  &  Robinson  engine,  797,  802,  809. 

Gas-Producer  as  an  Auxiliary  in  Iron  Blast-Furnace  Practice  (Lee)  [Ixxi],  366-370  ;  Dis- 
cussions, (Havaed),  922;  (Kent),  922;  (Pullon),  920. 

Gas-producer  patented  by  Bergrat  Jahns,  675.  ^ 

Gas-Saving  Process,  Kurzwernhart  (Haetshorne),  505-519. 

Gas-washers:  Bian  cooler,  684;  Dinnendahl  fans,  682,  683;  Mason's  Gas  Power  Co., 
apparatus  of,  807,  811 ;  Power  Gas  Corporation,  apparatus  of,  807,  811 ;  Theisen 
apparatus,  679-681,  810;  Thwaite  apparatus,  806,  811 ;  Zschocke  scrubber,  678. 

Gayley  Dry- Air  Blast-Process,  Notes  o»  (Meissnee)  [xliii],  201 ;  (Campbell)  ( TraHS., 
xxxvi,  765)  [xliv] ;  Discussions,  (Fiemstone),  227;  (Gayley),  232;  (Howe), 
216;  (Raymond),  228;  (Richards),  223. 

Gayley,  James,  address  to  the  Institute  at  Bethlehem  [xlii] ;  Discussion  of  the  Dry- 
Air  Blast- Process,  232-237. 

Genesis  of  Ore-Deposits  {Posepsy)  [xiii]. 

Geology:  California:  Bowers  hill,  164,  174;  Mojave  district,  164-177;  Soledad  peak, 
165, 174 ;  Kiuta  valley,  Malay  Peninsula,  881 ;  Nevada :  Ash  Meadows,  183 ;  Ban- 
ner mt.,  146;  Columbia  mt.,  146;  Funeral  range,  186;  Grapevine  range,  186; 
Knickerbocker  mt.,  146,  148;  Malapais  mesa,  146;  Myers  mt.,  146;  Panamint 
range,  193;  Quartz  mt.,  197;  Table  mt.,  146;  Vindicator  mt.,  146,  187;  Wild 
Horse  claim,  147  ;  Roumania,  337,  338  ;  Texas,  521. 

Geology  and  Petrography  of  the  Goldfield  Mining-District,  Nevada  (Hastings  and  Bee- 
key)  [xliv],  140-159. 

German  Iron  and  Steel  Industries,  Application  of  Large  Gas-Engines  in  (Reinhaedt) 
[Ixxi],  669-795;  Discussions,  (Duff),  929;  (Greiner),  924,  926;  (Hamilton),  930; 
(Kennedy),  926;  (Kent),  928;  (Raymond),  927 :  (Robinson),  932;  (Tannett- 
Walker),  931;  (Thwaite),  933  ;  (Turner),  933  ;  (Westgarth),  924. 
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Gibson,  Eobert,  deatli  of  [xxxix]. 

Glossary  of  Mining  and  Metallurgical  Terms  [xiv]. 

Gold:  adhesion  of,  to  mercury,  80,  81 ;  crystallization  of,  61,  64,  65;  solubility  of,  in 
mercury,  61,  65,  66. 

Gold-amalgams,  59-67. 

Gold-Dredging  in  the  Urals,  with  Notes  on  Dredging  in  Siberia  (Shockley)  [xlv],  322- 
330. 

Gold-mercury  series,  investigation  of,  62-66. 

Gold-mines:  Arizona:  Congress,  196  ;  Socorro,  570  ;  California:  Eclio,  168,  169, 171, 
174,  175;  Exposed  Treasure,  170,  173,  174;  Grey  Eagle,  169,  171,176;  Karma. 
170,  173-175;  Queen  Esther,  170,  173-175;  Starlight,  170,  171,  174,  176  ;  Mexico  : 
El  Oro,  5,  12,  26,  33;  Nevada:  Amerone,  190;  Black  Butte,  1S9;  Bonanza,  184  ; 
Bullfrog,  178,  179,  184,  185;  Combination,  141,  144,  178,  188;  Desert  Eose,  141, 
144;  Florence,  141,  144,  178,  188;  Gold  Crater,  178;  Goldfield,  140,  187,  January, 
141,  144,  178.  188;  Jumbo,  188,  189;  Ladd,  184,  185;  Mizpah,  178;  Montgomery, 
183;  Quartzite,  141.  144.  188,  189;  Sandstorm,  141,  173,  188;  Stirling,  183;  St. 
Ives,  190 ;  Touopah  Club,  141,  144,  178,  187,  188,  190. 

Gold-Mining  Operations,  Cost-Accounts  of  (Sni:hl>oy )  [xliv],  91-127. 

Gold-ores:  California  :  Echo,  168,  174,  176;  Exposed  Treasure,  171,  175;  Grey  Eagle, 
169,175;  Starlight,  170,  174,  176  ;  Nevada:  Combination,  141,  144;  Desert  Eose, 
141,  144;  Florence,  141.  144;  Goldfield  district,  140-159;  January,  141,  144; 
Quartzite,  141,  144 ;  Sandstorm,  141.  144,  178 ;  Tonopah  Club,  141.  144,  178. 

Gold-Ores,  Amalgamation  o/ (Eead)  [Ixxii],  56-84. 

Gold-recovery  in  early  times,  56. 

Gold-silver  mine,  El  Oro,  Mexico,  3-55. 

Gold-silver  ore  structure  at  El  Oro,  ^lexico,  5,  12. 

Golden  Star  gold-mill  [79]. 

Goldfield,  Xev.,  gold-mining  district,  179,  187. 

Goldfield  Mining-District,  Nevada,  Geology  and  Petrography  ©/(Hastings  and  Berkey 
[xliv],  140-159. 

Governing  of  German  gas-engines,  696-704. 

Grapevine  range,  California,  186. 

Great  Britain,  Notes  on  Large  Gas-Engines  Built  in,  and  Upon  Gas-Cleaning  (.Westgakth) 
[Ixxii],  796-812,  Discussions,  (Dvff),  929;  (Gkeinek),  924,  926;  (Hamilton), 
930;  (Kennedy),  926;  (Kent),  928  ;  (Eay.mond),  927;  (Eobinson),  932 ;  (Tan- 
nett-Walker),  931 ;  (Thwaite),  933  ;  (Turner),  933  ;  Westgarth),  924. 

Greiner,  Adolph,  Discussion  on  Gas-Engine  Practice,  924,  926. 

Grey  Eagle  gold-mine,  California,  168-176. 

Grier,  T.  J.:  on  effect  of  temperature  on  amalgamation,  78. 

Grinding  of  Ore  by  Tube-Mills,  and  Cyaniding  at  El  Oro,  Mexico  (Caetani  and  Burt) 
[xliii],  3-55. 

Grinding  of  ore  by  tube-mills,  cost  of,  23,  24,  35,  46. 

Guinn,  John  Broome,  Jr.,  death  of  [xxxii]. 

Haber  :  on  metals  in  amalgams,  58. 

Hadfield,  E.  A.  [liv,  Ixxi] ;  Discussions:  on  American  and  Foreign  Rail-Specificatiotis 
[Ixxi],  905;  on  blast-furnace  practice,  210. 

Hamilton,  James,  Discussion  on  Gas-Engine  Practice  [Ixxii],  930, 

Hammers  used  by  ancient  copper-miners,  288,  290,  292. 

Harbord,  F.  W.,  Discussion  on  American  and  Foreign  Rail-Specifications  lIxxI],  904. 

Harrington,  M.  H.,  The  Beard-Mac¥ie  Sight-Indicator  for  the  Measurement  of  Marsh- 
Gas  in  Collieries  [xliii],  247-255. 

Hart,  E.  G.,  death  of  [xxxix]. 

Hartshorne,  Joseph,  The  Kurswernhart  Gas-Saving  Process,  505-519. 

Hastings,  J.  B.  and  Berkey,  C.  P.,  The  Geology  and  Petrography  of  the  Goldfield  Min- 
ing-District, Nevada  [xliv],  140-159. 

Hauling  at  coal-mines  of  Aldrich  Mining  Co.,  491. 
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Havaed,  F.  T.,  Discussion  on  the  Gas-Producer  hi  Iron  Blast-Furnace  Practice  [Ixxi], 
922. 

Heat-Treatment  of  Steels  Containing  Fifty  Hundredths  and  Eighty  Hundredths  Per  Cent, 
of  Carbon  (Coeson)  [Ixxii],  3S8-405';  Discussion,  (Sauveue),  936. 

Henry:  on  treating  gold  with  mercury,  60. 

Heesam,  E.  a..  Screens  for  Sizing  [xliv],  265-287. 

HiBBAED,  H.  D.,  Internal  Stresses  and  Strains  in  Iron  and  Steel  [Ixxii],  371-388. 

Hockin ;  mercury  dissolves  zinc  out  of  brass,  77. 

HoFMAX,  H.  O.,  Constitution  of  Ferro- Cuprous  Sulphides  [Ixxiii] ;  Discussion  on  the 
Effect  of  Silver  on  the  Chlorination  and  Bromination  of  Gold  {Trans.,  xxxvi,  802) 
[xlv]  ;  Lime-Roasting,  with  Special  Reference  to  the  Savelsherg  Process  [Ixxiii]  ;  Studies 
on  Refining  and  Overpoling  of  Copper  [Ixxiii]. 

Honorary  members  of  the  Institute,  x,  xxvii. 

Howard,  H.  W.  B.,  appointed  Assistant  Secretary  and  Assistant  Treasurer  of  the 
Institute,  xxvii. 

Howe,  H.  M.,  Piping  and  Segregation  in  Steel  Ingots  [Ixxii];  Discussions :  on  the  Gayley 
Dry-Air  Blast-Process,  216-222  ;  on  the  Heat-Treatment  of  Steel,  389,  404. 

Hubeet,  H.,  Design  of  Blast-Furnace  Gas-Engines  in  Belgium  [Ixxi],  647-668. 

Hungary,  early  gold-milling  in,  57. 

Hunt,  R.  W.,  Address  to  the  Institute  at  the  London  Meeting,  Iv ;  Discussions :  on  Ameri- 
can and  Foreign  Rail-Specificntions,  909;  on  Improvements  in  Rolling  Iron  and  Steel 
[Ixxi],  896. 

Huntington-Heberlein  smeltiug-process,  630,  631,  634,  635. 

Ibbotson,  E.  C,  Kjellin  Electric  Steel-Furnace  [Ixxiii]. 

Ignition  and  starting  of  gas-engines,  708. 

Illingworth  casting-machine  for  steel  ingots,  242-245. 

Improvements  in  Rolling  Iron  and  Steel  (Yoek)  [Ixxi],  859-879  ;   Discussions,  (Hunt) 

[Ixxi],  896;  (Keelen)  [Ixxi],  897;  (Eiley)  [Ixxi]. 
Indexes  to  the  Transactions  of  the  Institute,  xiii. 
Indicator,  Beard-2Iackie  Sight-,  for  the  Measurement  of  3Iarsh-Gas  in  Collieries  (Hae- 

EINGTON),  247-255. 
Ingalls,  W.  R.,  Lime-Roasting  of  Galena  [Ixxii],  627-646. 
Internal  Stresses  and  Strains  in  Iron  and  Steel  (Hibbaed)  (Ixxii),  371-388. 
Inyo  County,  California,  and  Southern  Nevada  (Taft)  [xliii],  178-197. 
Inyo  County  Development  Co.,  soda- works  of,  at  Cerro  Gordo,  Cal.,  195. 
Irish,  Dana  C,  death  of  [xxxii]. 

Iron,  Crystallography  of  (Osmond  and  Cartaud)  [Ixxiii],  813-859. 
iron  and  Steel,  Improvements  in  Rolling  (Yoek)  [Ixxi],  859-879 ;  Discussions,  (Hunt) 

[Ixxi],  896;  (Keelen)  [Ixxi],  897;  (Eiley)  [Ixxi]. 
Iro7i.  and  Steel,  Internal  Stresses  and  Strains  in  (Hibbaed)  [Ixxii],  371-388. 
Iron-ore  reduction,  experiments  by  Edward  Cooper  [350]. 
Isabella  furnaces,  design  and  experiences  with,  204,  234. 

Jauin,  Louis:  on  eflect  of  temperature  on  amalgamation,  79. 

January  gold-mine,  Nevada,  141,  144,  178,  189. 

Johnson,  J.  E.,  Je.,  Blast-Refrigeration  and  Power-Requirements  [Ixxiii]. 

Jolly,  Alexander  W.,  death  of  [xxxix]. 

Jones,  C.  C,  Discussion  on  Comparison  of  Methods  for  the  Determination  of  Carbon  and 

Phosphorus  in  Steel  {Trans.,  xxxvi,  741)  [xliv]. 
Joule :  on  preparation  of  a  silver-amalgam,  60. 
Jumbo  gold-mine,  Nevada  [188]. 

Kaolin,  Novel  Method  of  Mining  (Ledoux)  [xliii],  319-321. 
Karma  gold-mine,  California,  168-176. 
Kasantseff :  on  amalgams,  61. 
Keener,  George  L.,  death  of  [xxxix]. 
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Kellee,  Edward,  Discussion  on  the  Constitution  of  Mattes  Produced  in  Copper-Smelting 

{Trans.,  xxxvi,  837)  [xlv]. 
Kemp:  on  secondary  enrichment  of  ore-deposits,  298. 
Kennedy,  Julian,  Discussion  on  Gas-Engine  Practice,  926 

Kenney,  E.  F.,  Discussion  on  American  and  Foreign  Rail-Specifications  [Ixxi],  909. 
Kent,  William,  Discussion  on  Gas-Engine  Practice  [Ixxii],  928;  on  the  Gas-Producer 

in  Iron  Blast-Furnaee  Practice  [Ixxi],  922. 
Kerl,  Dr.  Bruno,  death  of  [xxxii]. 

Kerlen,  Kurt,  Discussion  on  Improvements  in  Rolling  Iron  and  Steel  [Ixxi],  897. 
•Kilns  of  the  Anaconda  Copper-Mining  Co.,  462. 

Kinta  Valley  Tin-Deposits,  Federated  Malay  States  (Eumbold)  [Ixxii],  879-889. 
Kitson,  Sir  James,  past-President  of  Iron  and  Steel  Institute  [liv]. 
Kjellin  Electric  Steel-Furnace  (Ibbotson)  [Ixxiii]. 
Knaffl:  on  amalgams,  61. 
Krupp  tube-mill  liners,  wear  of,  23. 
Krupp  tube-mills,  grinding  efficiency,  15-22. 
Kurzwernhart  Gas-Saving  Process  (Hartshorne),  505-519. 

Labor-costs :  blast-furnace,  458 ;  mine-washing  at  Brilliant,  Ala.,  490,  505  ;  operation 

of  drilling-machines,  86,  87. 
Lahat  tin-mine  in  Malay  Peninsula,  885. 

Lake  Superior,  Ancient  Copper-Mines  of  (Wood)  [xliv],  288-296. 
Lake  Superior  copper-mines:  Calumet,  291 ;  Central,  292;  Clilf,  292;  Franklin,  290; 

Hulbert,  292;  Huron,  290;  Isle  Eoyale,  290,  292;  Mesnard,  290;  Minnesota,  293 ; 

Miuong,  292 ;  North  West,  292 ;  Pewabic,  288,  289  ;  Quiucy,  2S8 ;  Eockland,  293. 
Lamberton,  a.,  Discussion  on  American  and  Foreign  Rail- Specifications  [Ixxi],  908. 
Lanuing,  John  G.,  death  of  [xxxix]. 

Le  Chatelier,  H.  L,,  elected  honorary  member  of  the  Institute,  xxvii. 
Lead-  and  Zinc-Deposits  of  the  Virginia-Tennessee  Region  (Watson)  (Trans.,  sxxvi,  681- 

737),  890;  (Firmstone)  [Ixxiii]. 
Lead-mines  in  California:  Cerro  Gordo,  194;  Darwin,  194  ;  Modoc,  194. 
Lead-ore :  lime-roasting  of  galena,  627-646. 
Ledoux,  a.  E.,  Novel  Method  of  Mining  Kaolin  [xliii],  319-321. 
Lee,  Harry  Hugh,  death  of  [xxxii]. 

Lee,  E.  H.,  The  Gas- Producer  as  Auxiliary  in  Iron  Blasf-Furnace  Practice  [Ixxi],  366-370. 
Lehigh  Zinc  Co.,  Works  and  Mines  o/ (Drinker)  [xli]. 
Lennig,  Nicholas,  death  of  [xxxix]. 
Lilienberg,  N.,  Piping  in  Steel  Ingots  [xliii],  238-247. 
Lime-Roasting  of  Galena  (Ingalls)  [Ixxii],  627-646. 
Lime-Roasting  with  Special  Reference  to  Savelsberg  Process  [Ixxiii], 
Lindsay,  William  Alfred,  death  of  [xxxii]. 
Liveiug  indicator  [250]. 

Locomotives,  compressed-air,  at  works  of  Anaconda  Copper-Mining  Co.,  435. 
London  Meeting  of  the  Institute,  xxx,  xlviii-xc. 

Louis:  on  refusal  of  mercury  to  wet  gold  {Trans.,  xx,  182;  xxiv,  705),  72. 
Luther,  Eobert  C,  death  of  [xxxii]. 

MacNaughton,  James,  death  of  [xxxii]. 

McCaustland,  E.  J.,  Effect  of  Low   Temperature  on  the  Recovery  of  Steel  from  Over- 
strain [Ixxii],  406-430. 
McLean,  Gordon,  death  of  [xxxii]. 
McNamara,  Herbert  Holmes,  death  of  [xxxii]. 

Machine-Molding  Practice,  Recent  Processes  in  (Bonvillain)  [Ixxiii]. 
Malay  Peninsula,  tin-deposits  of  the  Kinta  valley,  879-889. 
Mandell,  Frank  C,  death  of  [xxxix]. 
Map,  special  mining  and  railway,  of  Mexico  [xiv]. 
Mariposa.  Cal.,  amalgam  from,  59. 
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Marls  and  clays  of  Texas,  526. 

Meetings  of  the  Institute:  Bethlehem,  Pa.,  xxx,  xli-xlvii ;  list  of,  from  organization 
to  July,  1906,  xi,  sii ;  London,  xxx,  xlviii-xc. 

Meissnee,  C.  a.,  Notes  on  the  GayJey  Dry- Air  Blast-Process  [xliii],  201-216. 

Members  and  associates  of  the  Institute :  deaths,  x,  xxxii,  xxxix ;  honorary,  x ;  mem- 
bers elected  during  1906,  xxxiii ;  membership  Jan.  1,  1906,  xxxi. 

Mercury  :  amalgamation  of  gold-ores  and,  57,  69 ;  refusal  of,  to  wet  gold,  70, 71 ;  "  sick- 
ening "  and  "  flouring  "  of,  72;   solubility  of,  in  gold,  63. 

Meeeiman,  Mansfield,  Discussion  on  the  Influence  of  Carbon,  PJiosphorus,  Manganese 
and  Sulphur  on  the  Tensile  Strength  of  Open-Hearth  Steel  {Trans.,  xxxvi,  803)  [xliv]. 

Merz  :  on  amalgams,  60. 

Methods  of  Mining,  Hauling  and  Screening  at  the  Mines  of  the  Aldrich  3Iining  Co.,  at  Bril- 
liant, Ala.  (Aldeich,  Jr.)  [Ixxii],  486-505. 

Mexico:  gold-silver  mine,  El  Oro,  3-55;  Special  Mining  and  Eailway  Map  of  [xiv]. 

Meyer,  August  E..  death  of  [xxxii]. 

Miller,  Edmund  Howd,  death  of  [xxxix]. 

Mine-lamp,  Beard-Mackie,  247-255. 

Mine-WorMngs,  Reference-Scheme  for  (Sandees)  [xliv],  128-139. 

Mining,  Hauling  and  Screening  at  the  Mines  of  the  Aldrich  Mining  Co.,  at  Brilliant,  Ala. 
(Aldeich,  Je.)  [Ixxii],  486-505. 

Mining  Kaolin,  Novel  Method  of  (Ledoux)  [xlii],  319-321. 

Mining  Operations,  Gold-,  Cost-Accounts  of  (Shf.i.'DO'n),  91-127. 

Mining,  Preparatian  and  Smelting  of  Virginia  Zinc-Ores  (Watsox)  [xliv],  304-318. 

Missouri  Smelting  Co.,  Cheltenham,  St.  Louis,  629. 

MiTlNSKY,  A.  N.,  Crushing-Tests  of  the  Diamonds  Used  in  Drilling  [xliii],  331-333. 

Mojave  Mining  District  of  California  (B.VTESON)  [xliv],  160-177. 

Montana  coal-fields  [348]. 

Morris,  John  Fossbrook,  death  of  [xxxix]. 

Mound-builders  and  the  ancient  copper-mines  of  Lake  Superior,  294-296. 

Mount  McKinley,  first  measurement  of  [345]. 

Muntz-metal  plates,  77. 

Neumann's  lamellse,  833-839. 

Nevada:  geology:  Ash  Meadows,  183;  Banner  mt.,  146 ;  Columbia  mt.,  146;  Funeral 
range,  186;  Grapevine  range,  186;  Knickerbocker  mt.,  146, 148;  Malapais  mesa, 
146;  Myers  mt„  146;  Panamint  range,  193;  Quartz  mt.,  197;  Table  mt.,  146; 
Vindicator  mt.,  146, 187;  Wild  Horse  claim,  147;  gold-mines:  Amerone,  190;  Black 
Butte,  189  :  Bonanza,  184 ;  Bullfrog,  178, 179, 184,  185  ;  Combination,  141, 144, 178, 
188 ;  Desert  Rose,  141, 144 ;  Florence,  141, 144, 178, 188 :  Gold  Crater,  178  ;  Goldfield, 
140,  187 ;  January,  141, 144, 178, 188 ;  Jumbo,  188, 189  ;  Ladd,  184, 185;  Mizpah,  178  ; 
Montgomery,  183;  Quartzite,  141, 144, 188, 189  ;  Sandstorm,  141, 178,  188;  Stirling, 
183;  St.  Ives,  190;  Tonopah  Club,  141, 144, 178, 187,  188,  190;  gold-ores:  Combina- 
tion, 141, 144  ;  Desert  Eose,  141,144;  Florence,  141,  144;  Goldfield  district,  140- 
159;  January,  141,  144;  Quartzite,  141,144;  Sandstorm.  141,  144,  178;  Tonopah 
Club,  141, 144,  178. 

Nickel,  pressure-figures  on  [858]. 

NiGOND,  Discussion  on  American  and  Foreign  Rail-Specifications  [Ixxi],  919. 

Nodulizing  and  Desulphurisation  of  Fine  Iron-Ores  and  Pyrites-Cinder  (Colby)  [Ixxiii], 

Notes  on  the  Gayley  Dry-Air  Blast-Process  (Meissnee)  [xliii],  201-216. 

Notes  on  Large  Gas-Engines  Built  in  Great  Britain,  and  Upon  Gas-Cleaning  (Westgaeth) 
[Ixxii],  796-812;  Discu.isions,  CDvff),  929;  (Geeinee),  924,  926;  (Hamilton),  930; 
(Kennedy),  926;  (Kent)',  928;  (Eaymond),  927;  (Eobinson),  932 ;  (Tannett- 
Walkee),  931;  (Thwaite),  933;  (Tuenee),  933 ;  (Westgaeth),  924. 

Notes  on  the  Roumanian  Oil-Fields  (Stew'AEt)  [xlv],  333-338. 

Notes  on  Southern  Nevada  and  Inyo  County,  California  (Taft)  [xliv],  178-197. 

Novel  Method  of  Mining  Kaolin  (Ledoux)  [xliii],  319-321. 
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Odling,  Francis  James,  death  of  [xxxix]. 

Officers  of  the  Institute  :  for  1906,  vii,  xxvi ;  for  1907,  viii. 

Ogg:  on  amalgams,  62,  67. 

Oil-Fields,  Runnianian,  Notes  on  (Stewart)  [xlv],  333-338. 

Old  Specimen  of  Americmi  Spiegeleisea  (Fikmstone)  [xliii],  198-201. 

Open-Hearth  Process,  Influence  of  Silicon  and  Graphite  on  (Thomas)  [Ixxiii]. 

Orr,  William,  death  of  [xxxix], 

Osmond,  F.  and  Caktaud,  G.,  The  Crystallography  of  Iron  [Ixxiii],  813-859. 

Owens  Lake  valley,  California,  195. 

Pacific  Coast  Borax  Co.,  191. 

Packings  for  German  gas-engines,  704-708. 

Painter,  William,  death  of  [xxxix]. 

Palmer,  C.  S.  E.,  Discussion  on  American  and  Foreign  Bail-Specifications  [Ixxi],  916, 

Pamphlets  issued  by  the  Institute,  xiv. 

Panamint  range,  179, 193. 

Parker,  William  J.,  Jr.,  death  of  [xxxii]. 

Past  oflBcers  of  the  Institute,  ix. 

Pearce,  Stanley  H.,  death  of  [xxxix]. 

Penrose:  on  oxidizing-elfect  of  water,  297. 

Perak,  tin-deposits  of  the  Kinta  valley,  879-889. 

Petrography  and  Geology  of  the  Goldfield  Mining-District,  Nevada  (Hastings  and  Ber- 
KEY)  [xliv],  140-159. 

Petroleum  in  Ronmania,  333 ;  data  of  wells  and  pits  during  1905,  336 ;  production  from 
1895  to  1904,  336. 

Phillips,  Joseph,  Jr.,  death  of  [xxxii]. 

Phosphates  of  Florida  {Trans.,  xxi,  196-231), 343,  346,  347. 

Picher  Lead  Co.,  Joplin,  Mo.,  629. 

Piping  and  Segregation  in  Steel  Ingots  (Howe)  [Ixxii]. 

Piping  in  Steel  Ingots  (Lilienberg)  [xliii],  238-247. 

Platinum  :  adhesion  of,  to  mercury,  80,  81 ;  in  Colombia  [59]. 

Platinum  Metals  in  British  Columbia,  Reconnaissance  for  (DuBois)  [xliii]. 

Poole,  Herman,  death  of  [xxxix]. 

Portland  Gold  Mining  Co.,  Colorado  :  cost-keeping  system  of,  93-127 ;  drilling-ma- 
chines in  development-work,  85-90. 

Posepuy  (Trans.,  xxiii,  197);  on  ore-deposits  [888],  [889]. 

"  Posepny  Volume,"  published  by  the  Institute,  xiii,  xiv. 

Precipitates  (cyanide-process).  El  Oro,  Mexico,  51-53. 

Precipitation  of  gold  and  silver.  El  Oro,  Mexico,  47-51,  55. 

Present  Condition  of  the  Metallurgy  of  Aluminum  (Richards)  [xliii]. 

Presidents  of  the  Institute,  1871-1905,  ix. 

Price-Williams,  R.,  Discussion  on  American  and  Foreign  Rail-Specifications,  901-904. 

Producer-  and  furnace-gases,  average  analyses  of,  369. 

Producer-gas,  cleaning,  807,  808,  811. 

Publications  of  the  Institute,  xiii. 

Puddling-furnace,  Henry  Cort,  inventor  of  {Trans.,  xxxv,  893-902)  [859]. 

PuLLON,  J.  T.,  Discussion  on  the  Gas-Producer  as  an  Auxiliary  in  Iron  Blast-Furnace 
Practice  [Ixxi],  920. 

Pushin,  work  of,  on  the  cooling-curves  of  amalgams,  59,  62. 

Quartzite  gold-mine,  Nevada,  141,  144. 
Queen  Esther  gold-mine,  California,  168-176. 

Rail-sections  in  American  and  foreign  specifications,  601,  602. 

Bail-Specifications,  Comparison  of  American  and  Foreign,  with  a  Proposed  Standard  Specifi- 
cation to  Cover  American  Rails  Rolled  for  E.xport  (Colby)  [Ixxi],  576-627  ;  Discus- 
sions, {FnEin),  911;  (Hadfield),905;  (Harbord),  904;  (Hunt),  909;  (Kenney), 
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909;  (Lamberton),908;  (Nigond),  919 ;  (Palmee),916;  (Pkice-Williams),  901 ; 
(EicHAEDs),  900;  (Sauveuk),  918;  (Stead),  906;  (Webster),  914;  (York),  907. 

Rails:  lihliograpliy  of,  1870-1906,  617-627  ;  re-rolliug  of,  867. 

Eamos,  Eicardo  G.,  death  of  [xxxix]. 

Eaudsburg-Johannesburg  district,  Califoruia,  169. 

Eankiue's  definition  of  strain,  371. 

Eaymond,  E.  W.  :  Biographical  Notice  of  Alexander  B.  Coxe  [xlii],  356-361 ;  Biographical 
Notice  of  Edward  Cooper  {Trans.,  xxxiv,  186)  [xlii],  349-356  ;  Discussions  :  on  Gas- 
Engine  Practice  (Ixxii],  927;  on  the  Gayley  Dry-Air  Blast-Process,  228-232;  on 
American  and  Foreign  Bail -Specifications  [Ixxi]. 

Eead,  T.  T.,  Amalgamation  of  Gold- Ores  [Ixxii],  56-84;  Secondary  Enrichment  of  Copper- 
Iron  Sul2)hides  [xliii],  297-303,  895. 

Beconnaissance  for  the  Platinum  Metals  of  British  Columbia  (Du  Bois)  [xliii]. 

Eecovery  of  Steel  from  Overstrain.  Effect  of  Low  Temperature  on  (McCaustland),  406- 
430. 

Reference-Scheme  for  Mine- WorUngs  (Sanders)  [xliv],  128-139. 

Eegrindiug  of  ore,  economical  point  in,  13,  14,  24. 

EeiisHAEDT,  K.,  Application  of  Large  Gas-Engines  in  the  German  Iron  and  Steel  Indus- 
tries [Ixxi],  669-795. 

Relative  Merits  of  Large  and  Small  Drilling-Machines  in  Development  Worli  (Williams) 
[xliv],  85-90. 

Eeport  of  the  Council  of  the  Institute,  Annual,  xxx. 

Reservoir,  Device  for  Regulating  Discharge  of  Water  from  (Bouery)  [Ixxii],  565-569. 

Eeverberatory-furnaces  of  the  Anaconda  Copper-Mining  Co.,  468. 

EiCHAEDS,  E.  W.,  Discussion  on  American  and  Foreign  Rail-Specifications  [Ixxi],  900. 

EicHARDS,  J.  W.,  Discussion  on  the  Gayley  Dry-Air  Blast-Process,  223-227  ;  Present  Con- 
dition of  the  Metallurgy  of  Aluminum  [xliii]. 

Eichards,  E.  H. ;  on  effect  of  temperature  on  amalgam,  79. 

Eickard :  on  use  of  Muutz-metal  plates,  77;  on  effect  of  temperature  on  amalgama- 
tion, 79. 

EiES,  Heixrich,  Tlie  Clays  of  Texas  [Ixxii],  .520-.558 

Eiley,  James,  Discussion,  on  Imjjrovements  in  Rolling  Iron  and  Steel  [Ixxi]. 

Eipley,  Charles  O.,  death  of  [xxxii]. 

Eisiug,  Arthur  F.,  death  of  [xxxix]. 

Eoasting-plaut  of  the  Anaconda  Copper-Mining  Co.  (Trans.,  xxiv,  277),  462. 

Eoberts-Austen :  on  diffusion  of  gold  into  lead,  78. 

Eobinson,  George  H.,  death  of  [xxxix]. 

EoBiXSOX,  Mark,  Discussion  on  Gas-Engine  Practice,  932. 

EOE,  J.  P.,  Roe  Puddling-Process  [Ixxi]. 

Eolling  iron  and  steel :  beams,  861,  865 ;  first  rolling  in  grooved  rolls,  860  ;  flange-bars, 
863  ;  Improvements  in  Rolling  Iron  and  Steel,  859-879,  896,  897  ;  re-rolling  rails,  867 ; 
special  sections,  873,875;  "three-high"  system,  862;  tie-plate,  878;  ties,  863, 
876. 

Rolling  Iron  and  Steel,  Improvements  in  (York)  [Ixxi],  859-879;  Discussions,  (Hunt), 
[Ixxi],  896;  (Kerlen)  [Ixxi],  897;  (Eiley)  [Ixxi]. 

Eolling-mills:  invention  of  [859] ;  York  transverse,  869-874  ;  York  universal,  864. 

Eoozeboom ;  on  amalgams,  58. 

Eose:  on  amalgamation  of  gold  [71]. 

Rotary  Distributor,  Simple,  for  Blast- Furnace  Charges  (Baker)  [Ixxii],  361-365. 

Roumanian  Oil-Fields,  Notes  on  the  (Stewart)  [xlv],  333-338. 

EuMBOLD,  W.  E.,  Tin-Deposits  of  the  Kinta  Valley,  Federated  Malay  States  [Ixxii],  879- 
889. 

Eussia:  cost  of  food  and  supplies  in,  329;  gold-dredging  in,  .322-330. 

Safety-lamp  for  mines,  Beard-Mackie,  247-255. 
Saiah  tin-mine  in  Malay  Peninsula,  885. 
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Sampling-mill  at  Anaconda,  Mont.,  436. 

Sanborn,  J.  A. :  effect  of  temperature  on  amalgamation,  79. 

Sand,  definition  of  coarse  and  fine,  4. 

Sand-grains,  gold-  and  silver-values  of,  El  Oro,  Mexico,  9-13. 

Sand-index,  definition  of,  4,  18. 

Sand-indexes,  calculation  of,  13,  18. 

Sand-treatment  at  cyanide  mills,  El  Oro,  Mexico,  37-47 ;  cost,  46. 

Sanders,  W.  E.,  A  Ecference-Scheme  for  3[hie-Workinris  [xliv],  123-139. 

Sandstorm  gold-mine,  Nevada,  141,  144,  178. 

Satjveur,  Albert,  Constitution  of  Iron-Carbon  Alloys  [Ix's.iii] ;  Discussions:  on  American 
and  Foreign  Bail-Specifications  [Ixxi],  918  ;  on  the  Heat- Treatment  of  Steel,  389,  401, 
405,  936. 

Savelsberg  smelting-process.  631,  632,  643. 

Saxony  :  invention  of  the  stamp-mill,  56. 

Sayles,  Albert  W.,  death  of  [xl]. 

Scheme  for  numbering  and  naming  points  and  parts  of  mine-workings,  128-139. 

Schmitz,  Emmerich  J.,  death  of  [xxxii]. 

Schnauss:  on  amalgams  [61], 

Schneider :  on  gold-amalgam  occurring  with  platinum,  59. 

Scotch-hearth  smelting-process,  628,629. 

Screening  and  washing  coal  at  mines  of  Aldrich  Mining  Co.,  503. 

Screens  for  Sizing  (Hersam)  [xliv],  265-287. 

Screens  used  at  El  Oro  mine.  Mexico,  4. 

Scrivenor,  J.  B. :  on  tin-deposits  of  Perak  [882],  887. 

Secondary  Enrichment  of  Copper-Iron  Sulphides  (Eead)  [xliii],  297-303  ;  Discussions, 
(Eead),  895  ;  (Sullivan),  893. 

Secretaries  of  the  Institute,  1871-1906,  ix. 

Seddon,  Eichard  J.,  death  of  [xl]. 

Seeger,  Ludwig  Philip,  death  of  [xxxii]. 

Seliben,  Malay  Peninsula,  tin-mine,  882. 

Sheldon,  T.  H.,  Cost-Accounts  of  Gold-Mining  Operations  [xliv],  91-127. 

Shockley,  W.  H.,  Gold-Dredging  in  the  Urals,  irith  Notes  on  Dredging  in  Siberia  [xlv], 
322-330. 

Siberia,  Notes  on  Dredging  in,  and  Gold-Dredging  in  the  Urals  (Shockley)  [xlv],  322- 
330. 

Sight-Indicator ,  Beard-Maclie,  for  the  Measurement  of  3Iarsh-Gas  in  Collieries  (Harring- 
ton) [xliii],  247-25.5. 

Silver :  adhesion  of,  to  mercury,  80,  81 ;  crystallization  of,  59,  67,  68. 

Silver-amalgams,  59-67. 

Silver-mercury  series,  investigation  of,  67,  68. 

Simple  Rotary  Distributor  for  Blasf-Furnace  Charges  (Baker)  [Ixxii],  361-365. 

Simpson,  James  C,  death  of  [xl]. 

Sizing-scrceus  of  various  standards,  26.5-287. 

Sizing-tests  of  sands  at  El  Oro,  Mexico,  8,  9,  21. 

Sjogren  :  on  silver-amalgams  of  Sala,  Sweden,  60 

Slags  from  melting  cyanide-precipitates  at  El  Oro  mills,  Mexico,  53. 

Slime,  definition  of,  4. 

Slime-ponds  of  the  Anaconda  Copper-Mining  Co.,  483. 

Slime-treatment  at  El  Oro,  Mexico,  24-36 ;  costs,  35. 

Slip-clays  of  Texas,  537,  556,  558. 

Smelting,  Mining,  Preparation  and,  of  Virginia  Zinc-Ores  (Watson),  304-318. 

Smelting  of  lead-ores,  627-646. 

Smith,  F.  C,  Cyanidation  of  Raw  Pyritic  Concentrates  [Ixxii],  570-575. 

Soledad  peak  in  the  Mojave  desert,  Kern  county,  California,  160. 

Sonnenschein  :  on  amalgam  from  Mariposa  region,  California,  59. 

Sorocco  Gold  Co.,  Yuma  county,  Arizona,  ,570. 

Southern  Nevada  and  Inyo  County,  California,  Notes  on  (Taft)  [xliv],  178-197. 
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Special  editions  published  by  the  Institute,  xiii. 

Specifications,  Rail,  American  and  Foreign,  icith  a  Proposed  Standard  Specification  to  Cover 
American  Rails  Rolled  for  Export  (Colby)  [Ixxi],  576-627 ;  Discussions,  (Frei^), 
911:  (Hadfield),  905;  (Haebokd),  904;  (Hunt),  909;  (Kenney),  909;  (Lam- 
BERTON),  908;  (NiGOND),  919;  (Palmek),  916  ;  (Price-Williams),  901 ;  (Rich- 
ards), 900;  (Sauveue),  918;  (Stead),  906;  (Webster),  914  ;  (York),  907. 

Spelter,  Bertha  pure,  analyses  of,  316. 

Sperry,  Francis  L.,  death  of  [xl]. 

Sperry,  Jacob  Johnston,  death  of  [xxxii]. 

Spiegeleisen,  American,  An  Old  Specimen  of  (Firmstone)  [xliii],  198-201. 

Squier,  Charles  B.,  death  of  [xxxii]. 

Stacks  and  flues  at  the  Washoe  plant  of  the  Anaconda  Copper-Mining  Co.,  478. 

Stamp-mills:  Allis-Chalmers,  at  El  Ore  mine,  5;  invention  of,  in  Saxony,  56. 

Stanton,  John,  death  of  [xl]. 

Starlight  gold-mine,  California,  168-176. 

Stead,  J.  E.  [Ixxi] ;  Discussion  on  American  and  Foreign  Rail-Specifications  [Ixxi],  906. 

Steam-consumption  and  steam-costs  in  gold-mining  operations,  96. 

Steel:  acid  open-hearth,  heat-treatment  of,  388;  annealing,  386 ;  Bessemer  process  in 
America,  Iv ;  Carbon  in  Steel,  Neiv  Colorimeter  for  the  Determination  of,  559  ;  chemis- 
try of  American  and  foreign  rail-specifications,  582,  584,  612  ;  definition  of  strain, 
371;  Heat-Treatment  of  Steels  Containing  Fifty  Hundredths  and  Eighty  Hundredths 
Per  Cent,  of  Carbon  [Ixxii],  388-405,  936;  Improvements  in  Rolling  Iron  and  Steel 
[Ixxi],  859-879,  896  ;  micrographs,  391-398  ;  Overstrain,  Effect  of  Loiv  Temperature 
on  the  Recovery  of  Steel  from  [Ixxii],  406-430;  seasoning-eflfect  of  time,  384; 
strains :  cold-working  as  cause  of  internal  strain,  382 ;  intensity,  factors  deter- 
mining, 375-382  ;  Internal  Stresses  and  Strains  [Ixxii],  371-388  ;  recovery  from 
overstrain,  effect  of  low-temperature  on,  406 ;  specifications  for  American  and  foreign 
rails,  576-627;  structure  and  physical  properties  as  related  to  temperature  and 
rate  of  cooling,  388-405  :  temperature  :  .effect  of  low,  on  recovery  from  overstrain,  406; 
eflTect  of,  on  internal  strain,  373  ;  Tempering  and  Cutting-Tests  of  High-Speed  Steel 
[Ixxiii]  ;  temporary  and  permanent  strains,  374. 

Steel  Ingots,  Piping  in  (Lilienberg)  [xliii],  238-247;  Piping  and  Segregation  in  (Howe) 
[Ixxii], 

Stewart,  C.  A.,  Notes  on  the  Roumanian  Oil-Fields  [xlv],  333-338. 

Stoiber,  Edward  G.,  death  of  [xl]. 

Stoiber,  Gustavus  H.,  death  of  [xxxii]. 

Stoneware-clays  of  Texas,  535,  540-544. 

Strains  in  iron  and  steel  defined,  371. 

Stresses  and  Strains  in  Iron  and  Steel,  Internal  (Hibbard),  371-388. 

Study,  William  L.,  death  of  [xxxii]. 

Sullivan,  E.  C,  Discussion  on  the  Secondary  Enrichment  of  Copper-Iron  Sulphides,  893. 

Stdphides,  Copper-Iron,  Secondary  Enrichment  o/(Read),  297-303. 

Swan,  Robert  Macnair  Wilson,  death  of  [xxxii]. 

Sweden,  silver-amalgam  crystals  at  Sala,  60. 

Sweetser,  R.  H.,  Discussion  on  the  Use  of  High  Percentages  of  Fine  Ore  in  a  Charcoal 
Blast-Furnace  {Trans.,  xxxvi,  835)  [xliv]. 

Taft,  H.  H.,  Notes  on  Southern  Nevada  and  Inyo  County,  California  [xliv],  178-197. 

Tambun,  Malay  Peninsula,  tin-mine,  882,  883. 

Tamman  :  on  amalgams,  59. 

Tannett- Walker,  A.  T.,  Discussion  on  Gas-Engine  Practice  [Ixxii],  931. 

Tar,  extraction  of,  from  gas,  811,  812. 

Taylor :  mercury  dissolves  zinc  out  of  brass,  77. 

Tempering  and  Cutting-Tests  of  High-Speed  Steel  (Carpenter)  [Ixxiii]. 

Tennessee  :  fluorite  and  barite,  890  ;  zinc-mines,  307,  317,  318. 
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Terhune,  Eichard  Henry,  death  of  [xxxii]. 

Texas:  Clays  of  Te^as  [Ixxii],  520-558  ;  marls,  526. 

Theisen  gas-cleaning  apparatus,  679-681,  810. 

Thierman,  J.  H. :  on  effect  of  temperature  on  amalgamation,  79. 

Thiry,  Joseph,  death  of  [xxxii]. 

TH05IAS,  A.  S.,  Influence  of  Silicon  nnd  Graphite  on  the  Open-Hearth  Process  [Ixxiii]. 

Thomas,  Samuel,  death  of  [xl],  [xlii]. 

Thwaite,  B.  H.,  Discussion  on  Gas-Engine  Practice  [Ixxii],  933. 

Thwaite  gas-cleaning  apparatus,  806,  811. 

Tie-plate,  rolling  of,  878. 

Ties,  rolling  steel,  868,  876. 

Tin-amalgams,  freezing-point  in,  58. 

Tin-Deposits  of  the  Kinta  Valley,  Federated  Malay  States  (RUMBOLD)  [Ixxii],  879-889. 

Tin-mines  of  the  Malay  Peninsula :  Chuukat  Parit,  885  ;  Lahat,  885,  887  ;  Saiah,  885 ; 

Seliben,  882  ;  Tambun,  882,  8S6-88S  ;  Trouoh,  883,  888. 
Tipple  of  Aldrich  Mining  Co.,  500-502. 
Tisdale,  John  X.,  death  of  [xxxii]. 
Toll,  Abel  Hyde,  death  of  [xl]. 

Tonopah  Club  gold-mine,  Xevada,  141,  144,  178,  187,  188,  190. 
Tonopah  gold-mine  :  discovery  of,  by  J.  L.  Butler,  178  ;  notes,  190. 
Totten,  Alfred  Isham,  death  of  [xxxii]. 
Transactions  of  the  Institute,  publication  of,  xiii. 
Treasurers  of  the  Institute,  1571-1906,  x. 
Tronoh,  Malay  Peninsula,  tin-mine,  883. 

Tube-Mills,  Fine  Grinding  of  Ore  by,  at  El  Oro,  Mexico  (Caetaxi  and  BUET),  3-55. 
Tunner,  Peter  Ritter  von  [859]. 
TUENEE,  Discussion  on  Gas-Enghie  Practice,  933. 

Urals,  Gold-Dredging  in  the,  icith  Xotes  on  Dredging  in  Siberia  (Shockley)  [xlv],  322- 
330. 

Van  Heteren  :  on  freezing  of  tiu-amalgams,  58. 

Vegetation,  Search  for  Causes  of  Injury  to,  Xear  an  Industrial  Establishment  (Feazee) 

[Ixxiii]. 
Virginia :  zinc-mines :  Austinville,  306,  308,  309,  317  ;  Bertha,  305,  307,  312,  316 ;  Cedar 

Springs  [307]. 
Virginia  Zinc-Ores,  Mining,  Preparation  and  Smelting  o/(Watson')  [xliv],  304-318. 
Virgoe,  Walter  H.,  death  of  [xxxii]. 
Volcanic  waters,  origin  of,  144,  145. 

Washoe  Plant  of  the  Anaconda  Copper-Mining  Co.  in  1905  (Austin)  [Trans.,  xxxiv, 
265)  [Ixxii],  431-485. 

Waters,  volcanic,  origin  of,  144,  145. 

Watsox,  T.  L.,  Fluorite  and  Barite  in  Tennessee  {Trans.,  xxxvi,  681-737),  890;  Mining, 
Preparation  and  Smelting  of  Virginia  Zinc-Ores  [xliv],  304-318. 

Webstee,  W.  E.,  Discussion  on  American  and  Foreign  Pail-Specifications  [Ixxi],  914. 

Weed  :  on  secondary  enrichment  of  copper-iron  sulphides,  297,  298,  302. 

Weith  :  on  amalgams,  60. 

Wellman,  Charles  H.,  death  of  [xxxii]. 

Westgaeth,  Tom,  Notes  on  Large  Gas-Engines  Built  in  Great  Britain,  and  Upon  Gas- 
Cleaning  [Ixxii],  796-812,  924. 

Wetherill,  John  Price,  death  of  [xl]. 

White,  C.  H.,  A  Xeiv  Colorimeter  for  the  Determination  of  Carbon  in  Steel  [Ixxii],  559- 
564. 

Wild  Horse  claim,  Nevada,  idealized  geological  section  of,  147. 

Williams.  F.  T.,  Relative  Merits  of  Large  and  Small  Drilling-Machines  in  Development 
Work  [xliv],  85-90. 
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Williams,  Harvey  Ladew.  death  of  [xl]. 

Wilm  :  on  amalgams,  61. 

Wiucliell:  on  secondary  enrichment  of  ore-deposits,  298. 

Wire:   strength  of,  due  to  the  strains  of  cold-working,  3S3  ;   loss  of  strength,  due  to 

heating,  384. 
Wire-screens  of  various  standards,  265-287. 

Wood,  A.  B.,  Ancient  Copper-Mines  of  Lake  Superior  [xliv],  283-296. 
Works  and  Mines  of  Lehigh  Zinc  Co.  (Drinkek)  [xli]. 
Wrinkle,  Lawrence  F.  J.,  death  of  [xl]. 
Wyek,  S.  S.,  Bibliography  of  Coal- Washing  [xliii],  2.56-264. 

York,  J.  E.,  Improvements  in  Rolling  Iron   and  Steel   [Ixxi],  859-879;   Discussion   on 

American  and  Foreign  Rail-Specifications  [Ixxi],  907. 
York  rolling-mills,  864,  869-874. 

Zinc-mines:  Tennessee, 307, 317, 318 ;  Virginia:  Austinville, 306,  308,  309, 317 ;  Bertha, 

305,  307,  312,  316;  Cedar  Springs  [307]. 
Zinc-Ores,  Mining,  Preparation  and  Smelting  of  Virginia  (Watsox)  [xliv],  304-318. 
Zinc-room  at  El  Oro,  Mexico,  47. 
Zschocke  gas-scruhber,  678. 


ERRATA. 

For  "quantity  of  tons"  read  "quantity  of  slime." 

Expunge  "recorded  in  Table  YII." 

Expunge  "to." 

For  "  page  89  "  read  "  page  9." 

For  "  page  86  "  read  "  page  6." 

In  table,  third  line  uader  heading  "  Excavators  and  Conveyors," 

expunge  "per  40  ft.  of," 
Second  line  under  table.     For  "  32  "  read  "  0..32.  " 
For  "  Sargent "  read  "  Sergeant." 
Fig.  2,  title.      For  "White  Horse   Claim"  read  "Wild   Horse 

Claim." 
For  "porlarizing"  read  "polarizing." 
For  "character"  read  "characteristics." 
Under  title,  add  "  (Bethlehem  Meeting,  February,  1906.) " 
Table  YII.,  second  line.     For  "  1.5  "  read  "  1.0." 
Footnote  ^,  fifth  line.     For  "unworked"  read  "  worked." 
In  place  of  paragraphs  (9)  and  (10)  read: 

"  (9)  Two  Harz  jigs  on  1.25-in.  feed.     Concentrates  to  (12), 
middlings  to  (13)  through  (11),  (7),  (8),  hutch-product  to  (14). 
"(10)  Four  Harz  jigs  on  ^-in.  feed.     Concentrates  to  (12), 
middlings  to  (16)  through  (15),  (7),  (8),  (13),  hutch-product 
to  (14)." 
Paragraphs  (14),  (17)  and  (19).     For  "  (35)  "  read  "  (20)." 
442  Paragraphs  (27),  (30)  and  (33).   After  "  (32)  "  add  "  through  (31)." 

526  16         FoT  "  mustin"  read  "  Austin." 
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